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( o 0 ] I f^\ >, -1 ^/A Ml. f'^'l < ( 1 ivll 

( I M '|,v'i/i I < I liVy I r.V;-r:">:' /,-./,. I /^'i 

i V.i'Mi .1 >li(t , '^>-! > A'tiVti'^ I IV/r I i . II 
Ci'jf^i/p.i.'jilv I' ( \\\ » .>fi f H < ( L 4 ' 

:: . M . 1) . (i y I / ^ /I i I / ' ■/ I 1; /I { 1 , 
/K . ■ III iK f/!. ( ■ -r:, f 1 |;^;/'r/ <fV j I ) i w 1 1 1 Xk fi> ; • 
Jlij^Vl . • 0) \\\\K\k. f - " \ ^ n \ \ y \ 1 'J n 

: I r >■ II >iM r'H!/!;'. -i - //^ f a 6.. 

- (/)Rv/>;v;;.;vryja.^(.i , iiriffi-. 7 o i-yi \- . um.n^ 

■ h y /i-»^;Y li'6 ' ^ X\ >K 

i / 2 , , 5 , (i / h V V /L w - ^ > : ■- I M 

y-2, :5 , 5. 6 --r h y 'y/U-A'n^<yV:- h V 
T'{>.J:V\ l^i^tL^c LT >t<56W(c^Jl>T(:J:4 -r ^: 

/-2, a, 5. 6 -':r h V vyu>4-n-<>^y"- h [;/K/> 
«iiA^(^(±1^'Ficfti'J[5H{±Ar< . iili^v.\ 8 0-iooWiH:%. 
<(f^ L< Ii9 0-9 gKffiro-C^^tUl. rifHjJj^^'^j^J^^^J: 

-3, 4. 5, 6 --r h y/U/^^' 

4-T^/-2, 3, 5, 6 -7^ h^:7/W:^ 

cz-oy'^ N 1; /ucojiieit 7)> 9 7%aTx fe6v^(i9 5% 

[0 0 5 3] i^Ti-. J[r.*^tbX4-T^y-2, 3, 
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mt Lxm^^^mmi^. 2. 3, 5, e-^h^:^/^^ 

[0 0 5 4] *^P>^{C:|ol/M:ii. ^PTK^W^^it/flftKK 

-2, 3, 5, 6 --7^ h ^ h iJ /i/^M^ 

mm^ti^)o. 1-2 ow4^. $f^L<i±i-i OK 

2, 3, 5, 6-T- h^:7/byi-i:2^>y ::^ h y/UCO^SjjP 
[O 0 5 51 4-r5:/-2, 3, 5. 6-7^ 

8 0-98 »^ L < 8 2 - 9 6 Sfi 20 

%. J: L< {^8 4-9 4Sft%'^^^^o 

[0 0 5 6] /jP7R5^«?:fc J:0^fl^J^^i^i^'^«7)yUS 

ifi^. 5 0-1 8 0°C-C*>I9. »^L<ti6 0-1 
6 0°C. J: "9$?^ L< Ji7 0- 1 4 0°C-X:^^6o 
[0 0 5 7] mjl^^iSfi. 4-T^y-2, 3, 5, 6 
-7^ b^:7yU:;?i-u^>y ;^ h U yi-c7)|a>ft:^75'i4 0^/u% 
J[^±. L<fl6 0^/u%a_b. J:*9*?*b<fl8 0 

r^y-2, 3, 5, 6 -T- h ^ y/^:^^^^^^^ h y 30 
/ummX\ 8 0 ^/W%J^T. $f * b < (1 7 0 

[0 0 5 8] i^fc^/^-C^ ^imirLT. Htj|^j^i^;$^Tt^<7) 

^'^i$C7)«>g^. 5 0-9 5Sa%. iT^L<(i60-9 
0K»%. ^ L< (i6 5 — 8 5KS%{::#IRL. 

[0 0 5 9] f^^. fi!lo*rffi,Jr LT. fltjlS:R^^?:)t«J^K) 

^fi:V^?UJ^. J: ^^ft:&^(C|irU>S5 0- 1 7 0°C. »^ L 40 
<J16 0- 1 5 0r.. ^ OiJ^^ L< (17 O- 1 3 0°C-C 

5<t "9 t>fi5V>?MS. >pij^tfta*6 0-1 8 0^. i?* L 

<(i70-i60°c. <i:'9i?*u<H8 0-1 4 or-e 

[0 0 6 0] ^/:i(l. fttJ^Srti^T'fi. ®&+tiKlK«JS. Mr 

i^mat^mmmi: s o - 9 s ks%. l < h s 2 

— 9 6S»%. J: «9$?± b< (18 4-9 4K»%. ;^^o 
S;^^?^>S5 0-1 7 0°C. »^L<(16 0-1 5 0°C. 

b<ll70-l 30^T'S/SSrtTV\ J5fcV>T*^ 50 
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M.i^m{^imMmjM^. 5o-9 5ks%. ff^L<{i 

6 0-9 0«S%. t#tC*^iL<{16 5-8 5S»%(C 

it9»^L<(ll 0-3 0Kft%1fi:T^-tt. 
-D^JtU}^^ 5 5- 1 8 0°C. »i L< (170-160 

"C. 1#(c^?^ L< (18 0- 1 4 0°Cc7:>^{*'eR^£:. i^/j: 
R^?a/5^5-5 0°C. J: ^; L< (1 1 0-4 

or±#^^T^rL;^tf-9o Htii5^l^fe^*^T^ffim(i. 4 
-T5:y-2, 3, 5, e —"r h"7y/i^y^^j^>y'^ h 
!;yK7)ftifl::^.7!)>4 0^yU%i^:Jl±. 7^)^o2, 3, 5, 6- 
7" h^:7/U7[-ur^ 'J >'CO^/7gfi;7'j^ 8 0-T~yi-%J^:JlTT'Sb 
;5o 9 LTt#bti/c 2 . 3. 5, 6-'rhyy 

[0 0 6 1 ] 7^^p;i(::4^Jtt5^r_co^gp;]{i. -tes^ 
' (1) -tr^^^ti^J^^S^v^r yfk^if^^/Ktt^^f*^??^ 

Ti-AP*^M4oJ:t>'Ittj^^^-ti:T-fe^xt (2) X-M^fi 

[0 0 6 2] 
[{[::2 0] 
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[0 0 6 3] (^^. X(l^^n>/>I^.T-T-^«9. Ydv- 
r/S. haS*/cil;^/l-7K^i//l-S'C^b'9 . Z(l- 

N (R') (R') (::::-e. R'^siO^R'd. 'Mmm^- 

mm^. ^fc(lJ^*^l-4(Dii:|g^f:i{l^tfSLfcTyu 
:afy^ST'S>5o ) -C^^ix^^^-a-WST-fc ^9 . m(l 
0. 1 * /-:i(l2T^^'9 . nfll. 2. 3*/:i(14T^fc 
•9. ^I.L 1 n ^ 4 -Xr^fc^o ) 

[0 0 6 4] 

Ut2 1] 
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[0 0 6 5] (5t^Ofa-^(4-ii3:S: (l) i:|5]U„ ) 

[0 0 6 6] ^fR-(D^mii. m^mmi^T / it-^m^ 

PJT-tfte^LfcJ;5(C. JilHXe (4) -^xe (8) 
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: ri;^ri^/r ' <y>f,|.(^fVy v^ni o ,'■/)> > A /; A' ' 

(1 n MAX. ( A'.-:.,, ■ ffi ■ I >it ^:>ri'Vi'i rvn 

[0 0 7 0] 4^^1>jl{.|., fyijx.d. [-..iii -fct (I) e/< 
^tL^jr/t^iA i/r /fLr^i|^/i 4-^/0:8 0-9 H'^ W%(/>(te 
ft$*ft- K'e;jli/K^y>fl¥:I^Jj O^llft/^fi^^ •r^i:^ (2) c 

60 

[0 0 7 1] /x;>L>»lv(J:. Um^^r:m\VY^otis\c, -m^w 

JS;;£^*iS /j: «r /n ^ T t> J: I \ 40 
[0 0 7 2 ] J5c/^^;^^M{i^^. S^/t 80-98 KfA%. 
L<(i 82-96 i 19 L < 8 4 - 9 4 K 

8K»%?r^x.6 1 2, 3, 5, 6-7^ h^-'^t^^yy r 

>-OSfl!fEf*:T'fc€>4-T^y-2, 3, 5, 6 -X 

3, 5, 6-7" h^/M3yyT:=^y vco^^fi3*;*;5^iST 
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I'i'i ,;r. {\ ^\\\ I I I V 
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A V' fi.i'ir'j - 1 1 A'. A. u / (V I ' ( ! . )/i.;..;i:;i|'</..;^ v, 

,\ v» ft,;, f'^j'^'iiv' ; s I M ".,1/ I , t /7| t I ■ M M 

0 I /I V,,. /yi' I I ;(!'.) 1) i i> I " 

'::> I [i'l . ^ 'AK'ivj.;..;;:;( iMr//)-'!-/! •) ':.^''>' 

/^y (t^( J ii ) A.riC'-i'i 'h'n </ w/.v)0 s x ri m.*;.. i . a i . 
( { 1 !» 0 I (• . A ( .{ ■ ( I -I o 'i'l M%r'- I ( ' ifv-rit'^ 

rr(Aii. 4<t'i jitM) /'/I /V 'Jt'M49Vi^>')^iS;a i .a'. 

j|*i'rtv»;i"ii'. rr ■) <:> • y civriiv i c ^ .1, i \. 
[() 0 7 H] i'^lA, ^miW\f^>'\Ym c<^><y. J»;*,%ViVr 

[0 0 7 9 ] r.(J).\. ') L Cn^'^UJ-M'tmil. '\.}>^ L 
i-^tL/:- ,)^^7xii;?(i:l^i/K'^^Ml^ L i^y^fi/^iiW'rrrf j 4' 'C 

0. 1-1 oeSfgf. »*L<(^0. 2'-5Kfl:f^. M 

i^Wt. ^tii^^yKt2. 3, 5, 6 -7" h^:7/u;tn 
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[0 0 8 1 ] ^mM^^n. ®t0^^^7)r^jr^ (i>t:)^^^. ^ 

mi^m) tLx. sjJ^^i§f^-ciu;S8 0-1 5 or. » 
m^tLx. -^^xK (1) xm^^i^^'^mi^r /it^ 

LT4 -r ^ y - 2. 3, 5, 

-o-:/^ h y /i-^fflv>r. -s^Jt (2) xm^ti^^^ 
t Lx 2 , 3, 5. 6 -T- h'yy/i^^^r^v 

[0 0 8 4] ^|gW(±. 4-r^:y-2, 3, 5, 6- 
y=-hy-y/i^yta^>'y==-hV/i-^yi^m^i^t{.x. r/u 
^ V tt4^K^$?j^^f4^Ti^**5>ft? i-'C 4 -T ^ y - 

2. 3, 5, 6 -y^ h ^:7/i^;>l-i::2^S#^4y J:t>V^/'c 

co^^tcti, h y (j^T. 4-r^y-2, 

3, 5, 6 i^) tMyf^-r 

^Xlli:. Sm-f^. #bn/c2. 3. 5, e-y'hyy 

[0 0 8 5] XtB^DTk^^WXlMT^^ffl-r^r/^:^ y 
K^LTIi. 4~r^/-2, 3, 5, 6-xh^:7/U 

3, 5. 6 -v^ h (it) ^±r&L^n 

^{t:-:^ b y r>^^ Tk^fb.^ y mm-)- h y -^a, m 
y ^i-. j^^tk^-:^ h y "^^ju, j^^*!^;^? y ^y^^s: 
Ht^mfhH. T;v^')±m^m&ti.x. ym^t^^^ 

tfbix^o ;::nt»or/U':^y+±^K(iW*-r:^*fflLTt 
[0 0 8 6] r/^^;^;yt4^K<7:)^^fflft^^^ i^.W4~T^ 

y-2. 3. 5, 6-X h^:7/W;^ci^>'>^rL h y /l^OO 
O. l-2 0Kfi:fg. $f*b<tiO. 3~10R4f^. 
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[0 0 8 7] :^]D7K57^«Rit>fi*tt*^f*4^"C*ff 9 r <lr 

ylxn— UTfl. ^^y— yl., n - :7° 

K (DMF) . i/^^/u;^/i-/^^i^>r K (DMS 
o) . n'-^^/\^}^'^ V h'>'^j:^^^m^f^::.tf)'<X^ 

[0 0 8 8] 7Km^i*<7)i$ffi»(i. J.^.*if4 - T ^ y - 
2, 3, 5, 6-7^ h^:7yw>rc7^>y'::^ h y/UtDl ~ 
20 5 0 ^MiS. ^ L < 2 - 3 0 KS^^. Mi-W^ b < 
(i3- 1 ORfti^-C^fc^o {£fflfi:;:)^#-r^'6i: 

[0 0 8 9] JKl^^?^Sfi> 2 0-2 0 ox:. L< 

3 0-15 O'^C. MfC^fS L< (±4 0- 1 0 O^T-fc 

fcKi^^raJ^^Mg:'^ ^ 6 ^ X||W{c:+5>>Sj«ai:'S/S^^^^ 
30 [0 0 9 0] :^XS-C{i. T J\^tl y 

T% m^^w^^Wi-r^vt^^m^\^t^xK(L^^(r)m^ 

[0 0 9 1 ] ^tcfl^^j^^xsicov^ri^p^-r^o 
*n7K5i'fl?SJ^^-t-^;*b/':i4-T5:y-2, 3, 5, 

xa-c^fc^o 

[0 0 9 2] fl^J^^RJ^;^l. mi^'7^mK^^x^f^\^f:^^ 

-T^y-2, 3, 5, 6 -7^ 

40 itrt. J:v^L. fc6v^{i^07K:»«?Xg'e^^ffiLfc:r/^y^; 
y t4#}« ^ (iS^c^ ^ r yu;^ y ttit^S^«I^.AP LTKiJ; ^-^t 

;0^oflftJ^^XStcjott6S'IR)^:^i^J:oT^;7jc'r6:y 
:y :r X. ^RJ^:^ScoM:ft^Kii:-f 5 ^ 1 7i)^T^# 5 

J:^7iT/v-;^y ±!li^JRffi<o^fflfifi. 4-T5:y- 

2, 3. 5, 6 -T- h^:7/V;^-i:i^S«^ m) 
X. 0. 0 l-2W»f&. $?*U<I10. 0 2-lK» 
50 M{::$?*b<(^0. 0 3 — 0. 5KS1^"e*>5o ^ 
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i?* U< 9 s^/i'O/ot/^o/ii^b^T'^jSo 

[0 0 9 91 :^^p^(7)m^(is (1) 

xy^fSLm^m^'^x-ts.^ (2) r**$n6^«i^{t:-&i^^ 
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[() 1 () Ml ( .^.'h'/Mi'.';! I itivA. ( I ) .> lull ) .1*. 
•T, ^/Mr.nJK I . Hl'v .V. ( I ) ( <*• AMI 'A 1^ R . ^ fl . 

rr A • i\m r^j 'i'l <^ > a i ( ■ i v (/ > vi;. /. m i '^>r'l•v ■ i^.- 

[0 1 0 41 Ud -A^A (I) i.^xv' (2) "e^c:54^t<5 
;x/'C.^»S'M<^^j^t (2) T•^^,;^^^tt5>/S^^^^^l::^^^^c?) 

iK'^^-;:i>8 5^/i-%jii.ii. i: L< (i9 0^y^%. ¥f 

L< {i9 8 5^/u%^T[n]5 

Jl, ^2co^P^'etfi«cL/c^fs]D*l4^-efc^c 
[0 10 5] 

[0 1 0 61 <##0ijl : 4-T^y-2, 3, 5, 6 
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^^y^y fV^xi^^V ^ ^ ( 3 8 9 5: U 

yu) . g^ggn -•T'n tVv2 2 5 m U 2 5%r:^^^r 
*7 9. 5 g (r >^:=^r ci: LT 1 . 16 ^=^;V) 
t/^ h ^y^/u-r KO . 3 7 5 g ^ 

y-2, 3, 5. 6 -"r hyyyi^:t^^>y^ h V ^i-<^ 
[0107] 4-r^/-2, 3, 5, 6-7"h^:7/u 

mmn-y'xJti/u^m^L^ 4-r^y-2, 3. 5, 

6 -7^ ^'/t-^n-O-y^ h y/U- (^^J« 9 4%) 7 

4-r;y-2, 3, 5, 6-Tl'77;Vt0-^' V^' 7;K 
4-r;7-2, 3, 5, 6-T f77/l.tP^S#e^ 
2, 3, 5, 6-T}«77^;|-0r::^y 

[ 0 1 1 0 1 cmkRir^) ±mRitm^:^ 2 2 g *i^;jn 
LT. ^myi^mmcDm^^ so wm%tL. Rft^i 5 

8 oS*%T-fcofc:o R)^;**T^. RJZM^^^y-y 
2. 3, 5. 6-7^ h^:7yW:tnrr^Ll ViR'^tig 8^ 
[0111] (^*xg) ttf-^^. ra«t+s iSTci- b 30 

^^XfA'p^m^^iimX.tiS 0 Cm 1 (T:);^^^ ^^^4 o P :7 
^;;^n{C7k3 0 Om 1 ^ttiA^. ffil*L>i;^>«b 1 0 0°C 

[0112] JP7K5^«? • fSLmmT.U-X:^nhtlfz.^ftM^ 

1 1 0°C(^'f^i^L?i;^^^. Jita:7^;^r:iF^{- 1 0tF«l7!)^-t 
TrSTb. *9 2, 3, 5, e-'Thyy^^ 

[0 113] 7jc^gil^{::fc4ofcgm%(7)_bjifi7K. T 

g(i2, 3, 5, 6 -7^ h ^ r:=^ 'J ^-Cfco 40 

/Co ®aiLt:7Kf^:7^;^=ap^tcii5^L/c^;6^^. 2. 3. 

[0 1 1 4] 7k5^^1^;6^e:)(i2, 3, 5, 6~Thyy 

[0 115] *D7K^«?-«ii^^XS:iBj:t/*tj^^gX|i 
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3. 5g^tt/c (tK'^9 3. 6%) „ ^^^M^irLT. 2 
-r^/~3, 4, 5, 6 h ^ >'>/^>t-t:2-<>'y^ h 

5g (6%) ^snri/^/co 

[0108] 3IJS0iJ 1 

Om 1 (7>;^y^>;®J4 0P:7^;^=3(c, Q 0%^%^imA^ 
mmi2 0 g^ttiA^. tS1^4^L/^;5^b. P^J'/a^ 1 1 0°C 
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(54) Method for production o1 aromatic compounds 



(57) For the production of an aronnatic compou nd by 
hydrolyzing and decarboxylating a corresponding aro- 
matic cyano connpound in the presence of an acidic sub- 
stance, this invention provides a method for the produc- 
tion of the aromaic compound, characterized by carrying 
out the reactions of hydrolysis and decarboxylaion in 



multiple steps. Particularly when the aromatic cyano 
compound contains a halogen, this method effectively 
prevents the reaction vessels from being corroded by 
the by-produced hydrogen halogenlde and enables the 
target compound to be produced In a high yield. 
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Dcsc.i Iptlon 

[0001 1 I Mr. ir>V(;nli(Mi rcl.iti?'. ((J .1 nii'lhiMi loi tfu? | jm x Jik Imn ( if . ii < hi i. iln < oniiMiuiid'. .ind iriori- p.iiln iil.nly lo .i nii>th(M| 
for llii* (M(m)i|( Ii()ri ()f ;ii()in,ili(: (N>nij)()Nfi(l'. Iiy ii'.iiHj .1 fi.ilofji'fi ( nril.jiriinij .iMifTi.itii i y.ino cofiipi nind .r. .i MWrii.ilcf i.il. 
i> pLMloitf iiiKj I lytiKjIy:.!;. .iiid (Iim;, ii I )(>xy 1. 1! it ui on llu.' i.iw iii.ilni.il wiIImhiI iimIim mh; t nfKjMon df Ihr k Ik n i v<'.'.:.«'l Im 
oLjt.iin n ( orn .|)(jii(iincj .irorn.ilu: tionif jound .iiriuMJ .il Willi m lihjli yield 

[0002| llu- liMrMh.il()<)(;M(>.inilim.':. inclutir im|)<nl.inl com ipi mjikI-. wIik h .ifr ummI intiMiiuM ji.iU; f.iw in.iU-n.il:. lot 
ph.'iirn.H (Milu il pr(:f)af .ill on:, and ici ill Uf.i! pj.v.licidfv. Mi'lhod-. for piodin inij ;\:i.'».h li?li.ifluoto.infliiu! ,in' (hr.cr iI)(m I 
in I he ()lfi< i.il (j.i/ollf's of JC A nC) :M 1 ./S<) and A OM ;'hM.'»/'i, for ex-iniplc Mm- method dc'.ciihed in I ho oflict.il 

fO cja/(?t!o of .ir A ()() 1 , /')() i:. tXiiinod lo oljl.iin :^ :<,!.,() hMiaf liion),uiiline hy omik) .i f x Mil. if luoi ol h mi/ok; .icid .r. a r.iw 
niaUMiiil nrnl caur.ifuj il to loacl wilfi arnfnonia in an ii(|iioou:. rnodium and lOfiMMjurntly undoojo iuiiinalion and d<j 
carl)(}xylation It i;. {l(.v;<:iit)0(l lliat tho p<?nlallu(Hol)(?n/oi<: acKi a:, tlx? faw fnalonal can ho oblaiiUMj by hy<lroly/in<j 
pofitafliiorohof i/<)nilril(? in an a(|iiO()u:; r.uKiiru: acid solulion and Ih.il IImumjIi Iho a(|in'ou'. (oaotiofi j.oliilion conlaifr. 
()X(;(?-'.;. Mjifnric acid and afninorinim ;;ulfat(^ a;, a r(M<:lioii [>rodiict [ir'.idiv. Iho p(»f ilafli ion )f )jmi/()Ic acid, Iho ohlauM'd 

^5 ponl.iflU(;Kjbon/<jic; .u;i(j can l)o ur.od diK;ctly tn it;, unmodified fomi wilhoul IxMnij w.i.'.IhmJ with w.itoi in Iho roaclion 
for lhc» produclion of ;\3.!),(> lotrafluoroiinilino 

[0003] I hon, lh(j molhod (Jir.clor.od in Iho olficial (ja/olh? of A OH :'i>\\,U/U \t\ claif?io(| lo ()t)lain :^a.J).<> lotf afliior 
oanilifK? hy iii.iruj A arriino ^,3,!i,<> tolf afluorolxyn/onilr iif. a liiw rnalr»rlal. a<i(lln<) il locjoihor wilh wjiU?r lo an aciurjoufi 
sulfunc acid solution lhorol)y on;tl)lin(j tfio l(}lrafluof oanilino forniod conj.o<|iiontly hy hydrolyr.is and doc.iit)ox 

^0 ylation to bo ciistilloci will) watoi t)y fi/ootfopic (iistilUUion and nu?anwhilo causiruj Ifio toaclion o( liycjjolysis anci docaf 
boylation to procood Sinco ihn fiycirofluoric ncMi whicfi is forrnod by a socoruJiiry KMicllon corrodos roaction (Jtjvicos 
madt) of Ktainloss kIooI or lino(J with glass, this molhod irnnuxiuitoly (Jislill;; Iho lorrnod loU alluoroanilmo a/oo 

tropically wilh wal(?r and foods wator lo tho roaction vossol for Iho purf)()S() of krMjpInf) Iho corutorUralion of sulfuric aci(< 
ttioroin fit ft fixcMl U>vol, witfi thcMCJSult Iliat Ifu) roaclion vosscH is prrjvontod from corro.sion and llu? Icjlrtifluoroallrio 

-5 is oblainod in fi high yield 

[0004] (jonorally, whon a given roaction involves uso of luilfuric acui. for oxarnpio, (ho roaction voi^scl for this roaclion 
is rnado of glass or linod with glass bocauso Iho vossol would bo doslinod lo Incur corrosion if il was rruuJo of iron or 
stool Iho molhod disclosed In tho Hforomontionod official ga/otlo of Jf> A OH ;>e>8,9/9 Is diroclod at provontlng n 
roaction vossol from corrosion, wfion Iho method uses 4 amino '/,:\.b,tl totrafluorobon/onltrilo in a low purity as a raw 

30 material, however, the vessel undergoes discernible corrosion Whon tho raw niatorial is aubjoclod to a troatmont for 
removal of impuhtios In advance, tho treatment would bo capable of provonling Iho vossol from corrosion but suffer 
disadvantage in adding lo Iho number of stops for tho process 

[0005] In a working example cited In tho official ga/olto of JP A 08 268.979. the 2.3.5,6 telrafluoroanlllne Is reported 
to be obtained in a yield of 82.5%. Thus, tho desirability of further enhancing tho yield finds roadily approval. 

35 [0006] Tho present inventor, as a result of a detailed study on a path of synthesis of an aromatic amino compound 
obtained by the hydrolysis and decarboxylation of a halogen-containing aromatic cyano compounds and on a secondary 
product formed in tho synthesis, has found that tho occurronco of impurities can bo repressed, tho yield of the product 
can be enhanced, and tho corrosion of a roaction vessel can be prevented by carrying out the reaction of hydrolysis 
and decarboxylation as divided into two discrete steps in using different conditions. As a result of further continuing a 

40 detailed study on the timing for effecting the distillation of the target product from the reaction system, ho has discovered 
that the corrosion of the reaction vessel can be prevented and the target aromatic amino compound can be obtained 
In a high yield by perfonning the hydrolysis and decarboxylation In the presence of an aqueous medium thereby effecting 
ffornnation of the aromatic amino compound and thereafter expelling the aromatic amino compound through azeotroplc 
distillation with water. The present invention has been perfected based on the knowledge thus acquired. Specifically, 

45 this invention is aimed at providing the methods stated in the following items (1) to (3). 

(1) In the production of an aromatic compound represented by the general formula (2) by hydrolyzing and decar- 
boxylating an aromatic cyano compound represented by the general formula (1) in the presence of an acidic sub- 
stance, a method for the production of the aromatic compound, characterized by performing the reactions of hy- 
50 drolysis and decarboylation in multiple steps. 
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(wherein X is a halogen atonn, Y is a cyano group, nitro group, or carboxyl group, Z is a nitrogen-containing 
group represented by -N(R"i) (R2) (wherein and R2 are identical or not identical substitutes superposed on a 
nitrogen atom and selected from among hydrogen atom and linear or branched alky! groups of 1 to 4 carbon 
atoms), m is 0, 1 , or 2, and n is 1 . 2, 3, or 4, providing that the sum of m and n falls in the range of 1 < m + n < 4.) 




(wherein the symbols have the same meanings as in the general formula (1).) 
(2) A method for the production of an aromatic compound, characterized by forming an aromatic compound rep- 
resented by the general formula (2) by hydrolyzing and decarboxylating an aromatic cyano compound represented 
by the general fomnula (1) in the presence of an aqueous medium and subsequently recovering the obtained 
aromatic compound from the reaction solution by azeotropic distillation with water. 




(wherein X is a halogen atom, Y is a cyano group, nitro group, or carboxyl group. Z is a nitrogen-containing 
group represented by -N(R^) (R2) (wherein R"" and R2 are identical or not identical substitutes superposed on a 
nitrogen atom and selected from among hydrogen atom and linear or branched alkyi groups of 1 to 4 carbon 
atoms), m is 0, 1 , or 2, and n is 1 , 2, 3, or 4, providing that the sum of m and n falls in the range of 1 < m + n < 4.) 




(wherein the symbols have the same meanings as in the general fonnula (1 ).) 
(3) In the production of an aromatic compound represented by the general formula (2) by hydrolyzing and decar- 
boxylating an aromatic cyano compound represented by the general fonnula (1 ) in the presence of an acidic sub- 
stance, a method for the production of the aromatic compound, characterized by performing the hydrolysis and 
decarboxylation in multiple steps and effecting the recovery of the formed aromatic compound from the reaction 
solution by azeotropic distillation with water. 
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7. 

(wluM(M() X \\\ n Jitorn, Y i:. \\ cyano (|r(Mif), rnlio ()r()iip. ot c.itljoxyl (jroup, / ir. w nilrocjcn conliiininij 

(jrouf) f (jpr(}f.(>iUr;(J by N(M') (It-') (wIumoid f^^ and f^' .iii? idcnticil of not i{](?nti(:.il i.iibj.lituU;:- Mjfxjfpoi.oiJ on a 
niU()(j<.»n alofii ancJ s(>I(m:|(?(I from among hycJrofjon aton^ antl linoar or t)ranc:fio(J alkyi (jfoup-; o( \ lo 4 cafbon 
aloMi;;). m iJi 0 1 , or . and ri is 1 . or 4. providirif) thai Itic Mifn of rn and n falLs in Itu? r,!n<jo of 1 - r?i i n * 4 ) 




(2) 



z 

(whoroin tho symbols fiavo Iho same mofinirujs as In Iho (jonoral formulft (1) ) 

[0007J According to ttio motfiod of ttiis invention, by using a raw malorial such a halogon containing firornalic com 
pound as 4 amino ^^,3,b.6 tolrahalogonobcn/onitrilo, it is mado possit)lo to produce sucfi a (:orrospor)ding aromatic 
compound as ?,3,b,6 lotrahfilogonoanilino in a high yield, f.von when Itu) 4 amino ^?,3,i),ei lolrahalogonobon/onltrilo 
fomiod In low purity Is hydroly/o(i. docarboxylatod, and a/oolroplcally disllllod parllcuUirly In tho roacllon vossol mado 
of glass or lifted with glass, Iho production of the arorTiatic compound can bo attained in fi high yield williout Inducing 
corrosion of tho reaction vessel 

[0008] Tho first aspect of this invention is in the production of an aromatic compound reprosenled by the general 
formula (2) by hydroly/ing and docarboxylating an aromatic cyano compound roprosonlod by tho gonoral formula (1) 
In tho prosonco of an acidic substance, a method for tho production of tho aromatic compound, charactorl/od by 
porfonning tho reactions of hydrolysis and docarboylation in multiple slops. 




(wherein X is a halogen atom, Y Is a cyano group, nitro group, orcarboxyl group, Z is a nitrogen-containing group 
represented by -N(Ri) (R2) (wherein and R2 are identical or not identical substitutes superposed on a nitrogen atom 
and selected from among hydrogen atom and linear or branched alkyI groups of 1 to 4 carbon atoms), m is 0. 1 , or 2, 
and n is 1 , 2, 3. or 4. providing that the sum of m and n falls in the range of 1 < m + n ^ 4.) 




(wherein the symbols have the same meanings as in the general formula (1).) 
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[0009] When 4-amlno-2,3,5,6-tetrafluorobenzonitrile of low purity Is used as a raw material containing an aromatic 
cyano compound represented by the general fomnula (1), for example, the possibility of the reaction vessel being 
corroded with hydrogen fluoride will arise. By a study of the cause for this trouble, it has been found that the impurities 
contained in the raw material such as, for example, 2-amino-3,4,5,6-tetrafluorobenzonitrile Is liable to cause such an 
origin of the trouble. From a further study on the relation of the trouble with corrosion, the Inventor has acquired the 
following knowledge. 

[0010] First, when 2.3,5, 6-tetrafluoroaniline (F4NH) is produced by hydrolyzing and decarboxylating 4-amino- 
2,3,5,6-tetrafluorobenzonitrile (NFBN) with sulfuric acid, the reaction of hydrolysis and the reaction of decarboxylation 
are thought to proceed through a reaction process A which is composed of such steps (1) to (3) as shown below 



[0011] If the raw material compound to be used has low purity, however, the reaction process mentioned above Is 
liable to by-produce hydrogen fluoride and induce the reaction vessel made of glass or lined with glass to succumb to 
corrosion. The inventor's attention has been turned particularly to 2-amino-3,4,5,6-tetrafluorobenzonltrile (o-AFBN) 
among other impurities contained in the raw material compound. Where the impurity compound is contained In the raw 
material, the process of the reactions of hydrolysis and decarboxylation permits the occurrence of the reaction process 
B which Is formed of the following steps (5) to (7) or the occurrence of the reaction through the step (8). 




Reaction Process A 

CN CONH2 COOH H 



NH2 NH2 NH2 NH2 

(AFBN) (AFBAm) (AFBA) (F4NH) 




NH2 




Reaction Process B 

CN CONH2 COOH H 



NH2 



F F F F 

(O-AFBN) 




CN 




NH- 



[0012] When the step (8) is passed, the substitution reaction occurring between the amino group of the target com- 
pound, 2,3,5,6-tetrafluoroanHine (F4NH), and the fluorine atom at the 4 position of 2-amino-3.4,5.6-tetraf luorobenzoni- 
trile (o-AFBN) forms a compound represented by the following formula (3) and, at the same time, by-produces hydrogen 
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Wh(Mi Wui fiiw rnalcfial 4 amino ;\:i.!>,(i iotf iifluorohrin/ofiiltili) (Al HN) ()a:. !.<«:. th(? rAop (A) nr. a lUMiofulary roar 
tion in Ifuj rijaction [)r(K:()r,!; A. Iho rolovant Ksictiorj lornir. a corn} JoiUKi topr ot.tjnlod hy Iho following lofi!)ula (A) \unn 
tionod txjiow and, al llu? sarno llrno, hy prodiicos hydrogon lluoiidc I ot. Ihn sitjf) (4) causos \hn fluofino iiloiii locaUxJ 
at Iho oillw) f)osilion of Iho cyano ()rou[) ol Iho raw rnalorial Af MN to KJiicI Willi \\u) \ AN\ I t:ornpoiin(J ohIaifUMJ at Iho 
stop (3) to pr<)(Juco a compound r(?f)rosonlo(J t)y tho followincj fonnula (4) and, al Iho sanio lifTu;. hy pKxJuco hydfogon 
fluorido Iho spood of this socoruiary rcjaotion is ontirnfUed to l:)o (jfoatof in tho slof) (H) than if) tho nlof) (4) lo ho 
specific, tho corrosion ol tho roaction vossol with tho hy pro(Jiico(J hytiK)<|*)n fluoricio gains in proniinonco as Ifio Irn 
purilios In Iho raw niatorial grow In concontralion 




[0013] Besides Iho elucidation described above, it has boon found that when tho process of hydrolysis and decar 
boxylation is porformod in one stop in tho presence of an acidic substance under the condition using an aqueous 
sulfuric acid solution of a concentration of 80 weight %, for oxannpio, the reactions of tho step (1) and the step (5) 
proceed much faster than the reactions of the step (4) and tho step (8) and that the reactivity with fluorine atoms is 
degraded because the amino group forms a sulfate under the condition. As a result, the secondary production of 
hydrogen fluoride is repressed and the corrosion of the roaction vessel is effectively prevented. 
[001 4] To continue the explanation, the compound to be formed through the steps (4) and (8) in the reaction processes 
A and B mentioned above possibly assumes a structure other than the structures of the compounds represented by 
the formulas (3) and (4) mentioned above, depending on the form of the substitution reaction. 

[0015] The structures depicted at the leading ends of the paths (4) and (8) of the reaction processes A and B men- 
tioned above are partial structures of the compounds represented by the formulas (3) and (4) mentioned above. 
[0016] It has been further found that the secondary production of hydrogen fluoride is repressed to a greater extent 
by perfonning the aforementioned reactions of hydrolysis and decarboxylation as divided in at least two steps using 
different conditions instead of completing them in one step. Specifically, in the multiple stages which are divided into 
a former step and a latter step, it is made possible to attain more effective prevention of the reaction vessel from 
corrosion by causing the reaction of 4-amino-2,3,5,6-tetrafluorobenzonitrile (AFBN) to proceed till the conversion ratio 
exceeds about 40 moi% and performing this reaction under such conditions that the product thereof has 4-amino- 
2,3,5,6-tetrafluorobenzamide (AFBAm) as a main component thereof and consequently enabling the conversion ratio 
of 4-amino-2.3,6.6-tetrafluorobenzonitrile (AFBN) to exceed 40 mol%. preferably 60 mol%. and more preferably 80 
mol% while repressing the fomnation of 2,3,5,6-tetrafluoroaniline (F4NH) in the former step (former step reactions) and 
completing the hydrolysis and the decarboxylation in the latter step or thereafter. 

[0017] This more effective prevention of the corrosion may be logically explained by a postulate that though the 
conversion ratio of 2-amino-3,4,5,6-tetrafluoroben2onitrlle (o-AFBN) reaches nearly the same level, the chance of con- 
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tact of o-AFBN with the target product. 2,3,5.6-tetrafluoroaniline {F4NH), is allayed or the chance of contact of the 
o-AFBN with the raw material, 4-annino-2,3,5,6-tetrafluorobenzonitrile (AFBN) is allayed, with the resuft that the for- 
mation of the compound represented by the formula (3) or the formula (4) mentioned above is repressed, and at the 
same time that the fonnation of hydrogen fluoride is repressed. Incidentally, the compound represented by the formula 
5 (3) or the fonmula (4) mentioned above Is merely intended as an example for illustrating the relation between the 
presence of impurities and the occurrence of corrosion. This invention is not limited to the presence of this compound 
and to the repression of the formation thereof. This Invention will be described in detail below. 

[0018] The aromatic cyano compound represented by the general formula (1 ) which is used in this invention is such 
that in the general formula (1), the symbol Z denotes a nitrogen-containing group represented by the formula -N(R'') 

10 (r2) (wherein and R2 are identical or not identical substitutes superposed on a nitrogen atom and selected from 
among hydrogen atom and linear or branched alkyl groups of 1 to 4 carbon atoms). As concrete examples of the 
nitrogen-containing group, amino group, monomethyl amino group, dimethyl amino group, monoethyl amino group, 
diethyl amino group, monopropyl amino group, and dipropyl amino group may be cited. Among them, the amino group 
proves particularly suitable. The symbol Y denotes a cyano group, nitro group, or caraboxy! group, the cyano group 

IS being preferable. The halogen atom denoted by the symbol X Is a fluorine atom, chlorine atom, or bromine atom, the 
fluorine atom being preferable. In the occurrence of a plurality of X's. the atoms denoted thereby may be Identical or 
not Identical with one another. 

[0019] As concrete examples of the aromatic cyano compound represented by the general fonnula (1), 4-amino- 
2,3,5,6-tetrahalogenobenzonitrile, 4-monomethylamino-2,3,5,6-tetrahalogenobenzonitrile, 4-dimethylamino- 

20 2,3,5,6-tetrahalogenobenzonitrile, 4-amino-3,5,6-trihalogenophthalonitrile, 4-monomethylamino-3,5,6-trihalogenoph- 
thalonitrile, and 4-dimethylamino-3.5,6-trihalogenophthalonitrile may be cited. Among them, 4-amino-2,3,5,6-tetrahal- 
ogenozenzonitrile is used particularly advantageously. The halogen atoms considered herein may be Individually iden- 
tical or not Identical with one another and may be each a fluorine atom, chlorine atom, or bromine atom. In all the 
possible species of 4-amino-2,3,5,6-tetrahalogenobenzonitrile, 4-amino-2,3,5,6-tetrafluorobenzonitrlle having fluorine 

25 atoms as the halogen atoms is used particularly advantageously. 

[0020] When the aromatic cyano compound mentioned above is hydrolyzed and decarboxylated In this invention, 
the reaction thereof is carried out in the presence of an acidic substance to produce the aromatic compound represented 
by the general formula (2). 

[0021] The acidic substance to be used in this reaction does not need to be particularly discriminated, but is only 
30 required to be capable of hydrolyzing and decarboxylating the aromatic cyano compound represented by the general 
formula (1) and consequently forming the aromatic compound represented by the general formula (2). As typical ex- 
amples of the acidic substance, inorganic acids such as sulfuric acid, hydrochloric acid, and nitric acid and organic 
acids such as acetic acid, propionic acid, and butyric acid may be cited. Among them, sulfuric acid is used particularly 
advantageously. The reason for this preference of sulfuric acid is that the reactivity with fluorine atoms is lowered and 
35 the reactions of the step (1) and the step (5) are enabled to proceed faster than the reactions of the step (4) and the 
step (8) because the amino group of the aromatic cyano compound forms a sulfate. 

[0022] As the reaction vessel In the method of production according to this Invention, the reaction vessel which is 
made of iron or stainless steel and is popularly adopted may be used. When this reaction vessel is liable to be corroded 
by the acidic substance or by a secondary product which occurs in the process of the reaction as when sulfuric acid 

40 is used, for example, the use of a reaction vessel made of glass or lined with glass is commendable. Otherwise, a 
reaction vessel which is coated with such a corrosion-resistant material as fluorocarbon resin may be used. In consid- 
eration of such factors as cost, it is common to use a reaction vessel which Is made of glass or lined with glass. 
[0023] The acidic substance is used together with water of an amount enough for the advance of the reactions of 
hydrolysis and decarboxylation of the raw material aromatic cyano compound. The acidic substance so used is pre- 

45 ferred to have a high concentration. The reason for the high concentration of the acidic substance is that even when 
the raw material to be used has low purity and contains impurities, the target product, 2,3,5,6-tetrahalogenoaniline, 
can be obtained in a high yield without inducing corrosion of the reaction vessel. The high yield of this product may be 
logically explained by a supposition that when the reactions of hydrolysis and decarboxylation are carried out by using 
an aqueous sulfuric acid solution of a comparatively high concentration, for example, the cyano group of the impurity, 

50 2-amino-3,4,5,6-tetrahalogenobenzonltrlle, is hydrolyzed fast, the electron attracting property of the cyano group is 
degraded, and the readily displaceable fluorine atom at the para position relative to the cyano group is rendered less 
susceptible of the reaction of substitution. Further, it is inferred that since the amino group which incites fluorine atoms 
to undergo a reaction of nucleophilic substitution forms a salt with sulfuric acid, the reactivity of nucleophilic substitution 
manifested on the fluorine atoms is degraded. Though this invention is not restrained by the foregoing theoretical 

55 consideration, the acidic substance is preferred to be used in the form of an aqueous solution. The concentration of 
the acidic substance in this aqueous solution is properly in the range of 80 to 98 weight %, preferably in the range of 
82 to 96 weight %, and more preferably in the range of 84 to 94 weight %. The reason for this range is that the product 
acquires the characteristic properties mentioned above when the concentration is In this range. Incidentally, the con- 



7 



FP 1 ??9 015 A1 



CCfllf . iti( )(i (-( Ihc ,1. 1(1 ( -.iih',!. i[i< ( ■ n i( -nlK )i H ■( I f M ■( I • I Mi MI !■ . 1 1 )' ■ • oiii i-iilt.il.oii ol tlii> M( :.ijh:,I.i[ii f wliii I m m i-.t-. i liii in. ) 
th(} c;h.iM|in() ol the fc.n tion Vi':.".«'l Wi!h Ihc MW lii.ilrii.it oi duMiKj lln' < oUfM' ol Iho r ( u :l lOf ) 

[0024] WhiMi .in .t(|uc(ni'. i.nluliori of '.uKunc .icid i*. u-.f! -r. Iln' nli< :.uh:.t.in(:<.\ for f^xarnf >l< '.in< <' Uw n-.u Imn-. 
roprov.i 'itii 'fl liy folIowifK) fh(*rni( .il ft ►rrnii!. r. {'^). (d), .in<l {/) |>r(M .-.hown hy th(? schrtn.i in i fjfi'.i wiucmk i • nl 

r> Uu) adUiImn ol Iho ntw ni.il«'fi.il (.onipoiif id !o llu- UMi.tiori inixlutc, lln- w.iloi .itid Ifn.- sulfuiii: .j(.ni foiinMnj lln* .ifiiicou*. 
soli jI ion ,if (M.()n: ajni( •(! pi (If )(nli<>n, ilrly , If 1(1 tfir (:()n( ;(:f)tf Mti< >fM )I thi • . It i( ji( ■ in(:(Mfi lh() n(|U( M)u^ :^ 

ac:c;(jf (liiiijly I hii-., thi.'coiuj'nli.iliofi (jI mjIIu/k; .u;i(i wIik Ii i:. Imintl l)y (l<Moiniinin(j Ifio r.itio of (oinMlion ol llio pnxlui I 
in tfu; r(M< lion r.olulion ii:. l)y riUMii'. ol li<]ui(J (:fironi.ilo(jf.i(>liy. lof rx.inifjU? and (:oiTif)iitin() tho .miouril of w.ilt?f and 
th(; arnoiinl ol MiKunc acid fiMnainin<j in (fir nMclion solulion l>a'.od on Ihr followin<j (:tH?fni(:al foiinula:. i*. Ihr concrn 

fO Iralion of Ihc .loidit: i.uhi.l.inco (;onli?inpl.ilo<l hy this inv<Milion 
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CONII2 

Yin Xn f I I^C ) Yin Xn ( 5 ) 

Z Z 

<^N COOH 

2 Ym;^Xn +41120+112804 2 Ym^^Xn +(NH4)2S04 (6) 

Z Z 

c:n 

2 Ym^Xn ^^4H20+H2S04 --^2Yni^Xn (7) 

z z 



35 [0025] This invention Is chHractori/od by porfornnlng the reactions of hydrolysis and decarboxylation in multiple stag- 
es. In tho method of this invention for the production of tho aromatic compound, tho reaction for hydroly/ing the CN 
group of the aromatic cyano compound roprosontod by tho general formula (1) into the COOH group and the reaction 
for decarboxylating the COOH group Into tho hydrogen atom proceed parallelly Tho tenn "reactions of hydrolysis and 
decarboxylation" as used In this Invention, therefore. Is meant to express the hydrolysis and the decarboxylation col- 

40 lectively as a series of reactions. The expression that "the hydrolysis and the decarboxylation are perfomned In multiple 
steps," therefore, means to divide the aforementioned series of reactions into a former step in which the reactions 
proceed till a certain state and a latter step In which the target product Is obtained at the end of the reactions. Properly, 
the reaction of hydrolysis Is perfomned to a prescribed extent and thereafter, with the product of the hydrolysis left 
unseparated, the reaction of decarboxylation Is continued under different conditions till the reactions are completed. 

45 When the reactions of hydrolysis and decarboxylation are performed in multiple stages as described above, the target 
product can be obtained in a high yield because the fonner step which is intended to effect partial hydrolysis serves 
to lower the reactivity of the substituent located at the para position or the ortho position with the cyano group and 
repress the fomnatlon of a secondary product and, particularly even when the raw material aromatic cyano compound 
contains impurities having halogen atoms as the component, Z, and prevent the reaction vessel from being corroded 

so owing to the secondary production of hydrogen halogenide. and the latter step serves to complete the reactions. 

[0026] The reactions of hydrolysis and decarboxylation in this invention are initiated by adding the raw material 
aromatic cyano compound to the reaction vessel. The reaction vessel may be charged preparatorily with the aqueous 
solution of the acidic substance as described above. The raw material may be added to the reaction vessel all at once, 
sequentially, or continuously. For this invention, the sequential addition of the raw material proves favorable in respect 

55 that it enables the selectivity of the reaction to be heightened and prevents the reaction vessel from being corroded. 
When the rawmaterial is in a solid state, it may be fed to the reaction vessel in its unmodified form, or after being 
pulverized Into a powdery state, or after being heated to a temperature higher than the melting point and consequently 
reduced to a molten state. 
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[0027] The temperature of the reactions of hydrolysis and decarboxylation is generally in the range of 50 to 1 80°C, 
preferably in the range of 60 to 160°C, and more preferably in the range of 70 to 140**C under nornnal pressure. The 
pressure may be normal pressure, reduced pressure, or increased pressure, whichever fits the occasion best. Gen- 
erally, the reactions are carried out under nomnal pressure or reduced pressure. 

5 [0028] In this invention, the former step reactions are so performed that the conversion ratio of the raw material 
aromatic cyano compound reaches a level of not lower than 40 mol %, preferably not lower than 60 mol %, and more 
preferably not lower than 80 mol % and they are terminated under such conditions that the amount of the final product 
(the target product, which is the aromatic compound represented by the general formula (2)) to be formed is not more 
than 80 mol %, preferably not more than 70 mol %, and more preferably not more than 60 mol%, based on the raw 

10 material aromatic cyano compound. In other words, the reaction mixture obtained at the end of such former step re- 
actions are enabled to contain an amide compound as the main component. Then, for the latter step reactions, the 
reaction conditions are so selected that the reaction of carboxylation and decarboxylation of the amide group or the 
reaction of decarboxylation of the carboxyl group proceeds efficiently until completion. 

[0029] The reaction conditions which fulfill the conversion ratio and the amount of formation mentioned above, spe- 

15 cifically with respect to the reaction temperature and the concentration of the acidic substance in the aqueous solution 
may be properly selected from the aforementioned ranges of reaction temperature and concentration of aqueous so- 
lution with respect to the contents of the reactions mentioned above. As the conditions of the fonner step reactions, 
the concentration of the acidic substance in the aqueous solution, more specifically the concentration of sulfuric acid, 
to be used is properly in the range of 80 to 98 weight %, preferably in the range of 82 to 96 weight %, and particularly 

20 in the range of 84 to 94 weight %. As the conditions of the latter step reactions, the concentration of the acidic substance 
is lowered by adding water to the reaction system to a level in the range of 50 to 95 weight %, preferably in the range 
of 60 to 90 weight %, and particularly in the range of 65 to 85 weight %. Specifically, the concentration of the acidic 
substance in the latter step is lowered from the concentration of the acidic substance in the former step by a margin 
in the range of 5 to 50 weight %. preferably in the range of 10 to 30 weight %. Otherwise, the reaction temperature is 

25 elevated from that of the former step by a margin in the range of 5 to 50°C, and preferably in the range of 1 0 to 40**C. 
As a result, the formation of the aromatic compound as the final product is repressed and the reaction of the raw 
material aromatic cyano compound is promoted by the former step reactions and the reaction of carboxylation and 
decarboxylation or the reaction of decaraboxylation Is expedited and completed fast by the latter step reactions. In this 
respect, the method for the production of the aromatic compound is characterized by performing the reactions while 

30 varying the conditions of lowering the concentration of the acidic substance and/or raising the reaction temperature in 
the former step and the latter step in the multiple steps. 

[0030] This invention is particularly effective when the raw material to be used contains as an impurity a compound 
having the nitrogen-containing group present in the aromatic cyano compound located at a different position. To be 
specific, the possibility of the aforementioned reactions by-producing the hydrogen halogenide is high when 4-amino- 

35 2,3,5,6-tetrahalogenobenzonitrile is used as the aromatic cyano compound and it contains as an impurity 2-amino- 
3,4,5,6-tetrahalogenobenzonitrile (o-AFBN), for example. By this invention, it is made possibleto repress the secondary 
production of the hydrogen halogenide and preclude the occurrence of such problems as corrosion. 
[0031] When 4-amino-2,3,5,6-tetrafluorobenzonitrile is used, for example, as the raw material, the conventional 
method necessitates a process for preparatorily purifying this raw material by such a treatment as recrystallization. By 

40 this invention, however, it is made possible to obtain the target product in a high yield without requiring such a process 
of purification. The 4-amino-2,3,5,6-tetrafluorobenzonitrile can be produced, for example, by causing this compound 
to form a diphasic state by the use of water and an organic solvent capable of forming a dibasic state with water and 
allowing the pentafluorobenzonitrile in the dibasic state to react with ammonia. The reaction temperature in this case 
is generally not higher than 70^*0. As typical examples of the organic solvent, aliphatic acid esters, ketones, and ben- 

45 zonitriles may be cited. Thus, this invention enables the target product, i.e. the aromatic compound represented by the 
general formula (2), efficiently in a high yield even when the 4-amino-2,3,5,6-tetrafluorobenzonitrile containing the 
Impurity fomied by such a method is used in its unmodified form. Incidentally, the 4-amino-2,3,5,6-tetrafluorobenzoni- 
trile formed by the method mentioned above may be used after being refined as by recrystallization to a higher degree 
of purify. In any event, this invention does not need to impose any limitation on the purity of 4-amino-2,3,5,6-tetrafluor- 

50 obenzonltrile. Generally, so long as the purity is in the range of 80 to 100 weight %, preferably in the range of 90 to 99 
weight %, the target product can be obtained efficiently without entailing such problems as the corrosion of the reaction 
vessel. The method of this invention is effective when the 4-amino-2,3,5,6-tetrafluorobenzonitrile which contains such 
an impurity as 2-amino-3,4,5,6-tetrafluorobenzonitrile and shows a purity of not higher than 97%, or not higher than 
95% is used in the reaction. 

55 [0032] Now, this invention will be described below with reference to the operation of producing 2,3,5,6-tetrafluoro- 
aniline by using 4-amino-2,3,5,6-tetrafluorobenzonitrile as the raw material and sulfuric acid as the acidic substance. 
[0033] In this invention, the reactions of hydrolysis and decarboxylation are generally fulfilled by feeding the aqueous 
solution of sulfuric acid to the reaction vessel made of glass or lined with glass and adding thereto 4-amino- 
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2.3.{).V) 1( 'li. ill. K tr ( )l H 'fi/i Milt; ill • .1'. Ihi • I. iw 1 1 1, ill •( I, 1 1 I Im ' i.av n i, tli 'M, il i n. ty he . m Idi ■: I tin: f imcIk mi V( •: .m - I .ill . il ( m k i ■ 
or i)(MjU(Mili. lily oi ( ( ifitiMi l< Mi'-iy I lie :.( miImI .k it 111 ion ol lln- i ■ iw 1 1 1, ilou. il lioWi-vcr, pfovo;. f, iV( m.iMo I n ■( .itr.i- il (|ivi' . 
fligti soltM livily ol th(> rcu lion .ind pn'Votil'. Iln; f(Mi lion Vi". .i'l from ( oifo-.iofi When Itu; r.iw rti.ilon.il r. .Mhlo'l -.c 
f)Uf?nlially. Ifn^ .fiord of Ihr. .iddifion rn.iy ho |)fo[)ofly -.ojoclod I ,ivf )i . il ify. thr. .iddilion n. rnntlo ,i! .i f.ili* tn fin* mii()o 
'> of 0 1 to W(M(;hl .uid pft'foi.ihly in llio i,in()(.' of 1 to 1 () woic)f it p. if I:, [in lioiir, l).iMMj on 1 OO wohjlit p.nt-. of tlin 

nc^ijoou:. mjIuIiod of Milfuiu: .icid I In* .iddilioii of Iho f.iw in.ilon.il, -1 .tfnino ;',:».'►,(> tolr. i floor ol)( *n/onit( il<\ \'. piofi'irr<| 
to bo conif ill 't(Ml poor to Iht? lonnin.itton ctf IIk.' foniuM :.li'p kmcIioii:. 

[0034] t l)o ^aJ]^llll(: m:\i\ ii'.(mI in ^in amount (>noij()h for poinHtfinc] f.nioolfi a(lvan<:o (jf Ifii.' ro.iclion:. of liydioly;.!'. 
aruJ cl(?(:arlM>xyliitit)n oM nrnino :*.M.').fi to|i,ifluoiol)on/oiiilf ilr loijotljoi witfi water ( loriorally il i:. used a:, an atjin'on*. 
sulfuric acid solution I he conc»Mitratior» of i.ullui u: .ti id in Itjo aciurtJU'. :.ulf iii ic acid noIuIkmi i:. in lfi(.' rarujc o( HO to *iM 
woiqhl prolorably ifi tin? ran()(» of H:' to !)(! wiM(}hI "... .md rnort: pfj^fcrahly in tluj rafujo ot 8-1 lo '^1 woKjfit 
[0035] I ho tcMnf)or.itui(? ol tfio rr.'actionr. of fiydroly:.i:. and do< :af hoxylatton under noirnal fjfo:.:,ur(? i;; (joncratly in tf»n 
range cjI f^O to 1tU)" (:, pr(?forahly in Itu; ran(|c? of (>() to thO c:, arnf nu)i(? f )rol(Mat)ly in the* rarujo o( /U lo 14{) C: 
[0036] Iho forrnci ship fcactiori.s aii> p(Mfofrn4>d till tin? convciMon nitio of A annno tcjtrafluoiohen/oiiitrilo 
1^ roachos a lov(H of not Iow(m tfiar^ 40 riuj 1';^., f)r(?f(?ral)ly not low(?r tftan (JO rtiol and more* pi(?f<Mably r)ol low<?r Ifian 
80 rtiol aruJ ar(? lor rnir»at(Mi when the ainount of :\'A,[\Vi t(^ti aflnoi o; iniline fonnr^cJ in flu? reaction r.olution \:. not more 
than 80 rnol prof()rat)ly fU)t rtioro lhan /U rnol and more f)rolerahly not more than fiO niol t)ar.o(J or) Iho Jimounl 
of 4-amlno lolrafluorohon/oniliiU? as Ifu; raw rnalorial 

[0037] Sijt)S(M]iionlly, Ifio latler sh?(> ol Iht? piocos?; corrifiriMv, addiru) water lo Iho roaolion rnixtun? lofino(i afloi 
20 completion of tfu> forrtu?r slop roacli{)ns IhcMoby dilutirui Iho initially ctiar(j<M] a(]LJoous sulfuric acid soliilion lo a oon 

ccntration in Iho rarujo of bO to 9f) woi()tit ''<., preferably in the range of (>0 to f)0 weight 'K,, find more pr(»feral)ty in lh() 

range of 6b to 8b weight 'Vn arui eonlinuing tfie r(jaclions on ttie resultant (iiluled reaction mixture. 

[0038] Another mettio(i of this Invention comprises performir>g Ituj former step r(?aclions at a comparatively low tern 

f)oraturo, specifically a temp(»rfiture in tlu? rang(j of bO lo 1 /0"C, f)referalily in tlu? range of 60 \n IbO'C. and mote 
2^ preferably in the range of /O to iaO"C: and performing the latter step reactions at a higher temperature lhan for Iho 

former stop reactions, specificfilly at a temperjiture in tfie range of 60 lo 1H0"(;, preferably in the range of A) lo 160"(:, 

and more proforably ir> Ifio range of 80 lo 140"C. 

[0039] The former slop reactions aro performed with Iho concentration of 1 tie acidic acid, specifically Iho conconlrallon 
of sulfuric acid, fixed at a level in llio range of 80 to 98 weight %. f)referably in lire range of to 96 weight and 

00 more preferably in the range of 04 to 94 weight % and the reaction temperature at a level in the rftnge of 50 lo 1 /O 'C, 
proforably in tho range of 60 to 150'*C, and more preferably in tfie range of /O to 130"C Subsoquonlty the latter stop 
roactions aro porformod with tho conconlration of Iho acidic substanco, spoclfically tho concontralion of sulfuric acid, 
initially fed to tho roHcllon vossol loworod by dilution to a lovol In tho rango of 50 to 95 weight %, proforably 60 lo 90 
weight % more proforably In Iho rango of 65 to 85 weight % with a margin In tho rango of 5 to 50 weight %, proforably 

35 in the range of 10 to 30 weight % and tho reaction tomporature Increased to a lovol In tho range of 55 to 180"C, 
preferably in tho rango of 70 to 160''C and more proforably in tho rango of 80 to 140"C with a margin in tho rango of 
5 to 50°C, preferably in tho rango of 10 to 40*^0, As the standards for tho completion of the former step reactions, the 
conversion ratio of 4-amlno-2,3,5,6-letraflurobenzonltrll Is not loss than 40 mol % and tho amount of formation of 
2,3,5,6-tetrafluoroanlllno is not more than 80 mol %. The 2,3,5,6-tetrafluoroaniline which is consequently obtained can 

40 be recovered and turned Into a finished product by following the ordinary procedure. 

[0040] The second aspect of this invention is the method for the production of an aromatic compound, characterized 
by forming an aromatic compound represented by the general formula (2) by hydrolyzing and decarboxylating an 
aromatic cyano compound represented by the general formula (1 ) in the presence of an aqueous medium and subse- 
quently recovering the obtained aromatic compound from the reaction solution by azeotropic distillation with water 

45 



50 



CN 

Ym-^^Xn ( 1 ) 

Z 



55 

(wherein X is a halogen atom, Y is a cyano group, nitro group, orcarboxyl group, Z is a nitrogen-containing group 
represented by -N(R^) (R2) (wherein and R2 are identical or not identical substitutes superposed on a nitrogen atom 
and selected from among hydrogen atom and linear or branched alkyi groups of 1 to 4 carbon atoms), m Is 0, 1 , or 2, 
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and n is 1 . 2, 3, or 4, providing that the sum of m and n falls in the range of 1 < m + n < 4.) 



5 




z 

10 (wherein the symbols have the same meanings as in the general formula (1).) 

[0041] The compound mentioned above is the same as that of the first aspect of this invention. 
[0042] The second invention described above is characterized by hydrolyzing and decarboxylating the aromatic 
cyano compound In the presence of an aqueous medium. When the reactions are performed by using as the aqueous 
medium, the aqueous solution of an acidic substance such as. for example, sulfuric acid, and fixing the concentration 

15 of the acidic substance at a level of 80 weight %. the reactivity with fluorine atoms is degraded and the secondary 
production of hydrogen fluoride is repressed because the reactions of the step (1 ) and the step (5) proceed much faster 
than the reactions of the step (4) and the step (8) and the amino group fomns a sulfate as described already in the first 
Invention. When the aqueous medium is an allcaline substance, the target compound can be produced even with the 
all<aline substance. Further, by azeotropically distilling the reaction solution, the target compound can be produced in 

20 a high yield without inducing corrosion of the reaction vessel. Thus, the second aspect of this invention is enabled to 
produce the aromatic compound in a high yield by recovering the target compound formed in the presence of the 
aqueous medium by azeotropic distillation with water from the reaction solution, no matter whether the hydrolysis and 
the decarboxylation are effected In one step or the reactions of hydrolysis decarboxylation are effected in multiple 
steps, i.e. in at least not less than two steps using different reaction conditions. 

25 [0043] The aqueous medium for use in this invention is only required to be capable of dissolving the raw material 
compound and may be an acidic substance or an alkaline substance. It may contain other compounds, alcohols, and 
aprotic polar solvents, for example. 

[0044] As the aqueous medium, the acidic substance used for the first aspect of this Invention may be used. As 
typical examples of the aqueous medium, inorganic acids such as sulfuric acid, hydrochloric acid, and nitric acid and 

30 organic acids such as acetic acid, propionic acid, and butyric acid may be cited. Among them, sulfuric acid is used 
particularly advantageously. First, when the aqueous medium contain an acidic substance, the concentration of the 
acidic substance in the aqueous medium Is in the range of 80 to 98 weight %, preferably In the range of 82 to 96 weight 
%. The expression "concentration of the acidic substance contained In the aqueous medium" as used herein means 
the concentration of the acidic substance existing during the charging of the reaction vessel or during the process of 

35 the reaction. 

[0045] Now, this invention will be described below with reference to one example thereof, i.e. the procedure wherein 
the aqueous medium is an acidic substance, sulfuric acid is used as the acidic substance, and 4-amin-2,3,5,6-tetrafluor- 
obenzonltrile Is used as the raw material compound. 

[0046] This invention can be extensively applied to reaction solutions which contain aromatic compounds of the 

40 general formula (2) fonned by hydrolyzing and decarboxylating aromatic cyano compounds represented by the general 
formula (1 ) under the condition having sulfuric acid containing at a concentration in the range of 80 to 98 weight %. 
[0047] When the reactions use sulfuric acid, the reaction vessel in popular use which is made of glass or lined with 
glass Is adopted. A reaction vessel which Is coated as with a fluorocarbon resin may be used instead. 
[0048] The reaction vessel is preparatorily charged with an aqueous sulfuric acid solution containing sulfuric acid at 

45 a concentration in the range of 80 to 98 weight %, preferably in the range of 82 to 96 weight %, and more preferably 
in the range of 84 to 94 weight %. If the concentration of the aqueous sulfuric acid solution to be used falls short of 80 
weight %, the shortage will be at a disadvantage in not only degrading the reaction speed but also inducing corrosion 
of the reaction vessel. If It exceeds 98 weight %, the excess will be at a disadvantage in decreasing the speed of the 
formation of 4-amino-2,3,5,6-tetrafluorobenzoic acid which Is the precursor of 2,3,5, 6-tetrafIuoroanlline and conse- 

50 quently lowering the speed of the formation of 2,3,5,6-tetrafluoroaniline. 

[0049] The reaction temperature is in the range of 50 to 180°C, preferably in the range of 60 to 170°C, and more 
preferably In the range of 70 to 1 eO'^C. If this temperature falls short of 50°C, the shortage will be at a disadvantage 
in lowering the speed of the reaction. Conversely, If the temperature exceeds 1 80**C, the excess will be at a disadvan- 
tage in lowering the selectivity of the reaction. 

55 [0050] The reactions of hydrolysis and decarboxylation are generally carried out by charging the reaction vessel with 
the aqueous sulfuric acid solution and adding thereto the raw material, i.e. 4-amino-2,3,5,6-tetrafluorobenzonitrile. The 
addition of the raw material may be made all at once or sequentially. The sequential addition of the raw material Is 
favorable because the reactions enjoy high selectivity and the reaction vessel is prevented from corrosion. When the 
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t'riW fn.ili'ii.il I'. '.. ■(iih-fili.illv 'I'I'i' 'tJ Ilti- (jf Iln^ ,t(j"jili'in iii.iY Im> |iM.[ii-rlv If I f .iv(ji.il)'y II ir. . i< l( lili< -i i i in,n|.' 

at a niUMfi Ihr f.irxji' of () 1 lo :'() w«'i<il)I j mi I:. |)n:f(M.il)lv m Ih.- f.UKji- df 1 lo 1 () wcKjhl f tait:.. f x m In »i ii I )a' .< 1 ( h i 
woicjfil [)ail-. nl IfuM h.iMjiMl ,i(]inM)ir. '.iiIIumc at id solulion 

[0051] 1 he i-xiih ••.•.!( Ill " fdimiiK) an , if( )i 1 1. il k : ( omixniod 1 1 ■[ )t < >■ ,i mi) i •< I t)y I In' (|<'rn'ial Iniiniila (:') hy hyi li nly/uK | .ifid 
(iocaf L)(ixyl.itiii< I an ai<Mtiali( i.yano < ( )ni()()Ui)(j 1 1, '[)[(":.» miIim I hy Ihr i|fniMal I(H inula ( 1 ) ifi tin.' f)n.':.fi)t r of an aijiifoii-. 
niOcJiUfT) ill 1(1 Mih'.rtiurnlly'* a:. ummJ tirn'in inoanr, (ha! IIh' niol.if i .ilio ol llu' aKJin-ilu: coriifxiuiui (oiiihmI in tin - nMclion 
vosr.ol i:, nolle.. Ihan M'> rn(j| pfr(»;tal)ly 'M) niol "A., and pai In iilady pn-furahly 'Hi mol*:.., hai.od on !tn- inihal an loiinl 
of tho aroinalK- « yano ( ompound n?()n-.i«nhMl hy llu? forniula ( 1 ) If Iho niol.ii ralit) lall-. !.lioft ol Hh mol Ih(« - .hof Ia<)(i 
will t)() al a (l(;.ai lvafila<)iMfnn(lii(:irH) th(' M'ai (ton vo'..>,('l r)ia( JiM)l (jl, I'.'. I() ■ .u'.laifi < Of nt',i()n Aflor Ifio aionialic ( ompoiiml 
10 roprosiMiliMi l>y Itii.- go-rn.'ial lonniila (;') li.i:. htMMi IcjiiiumI, Ifn? piodui t t;aii tn: {ii.-.lilliMl with wahM a/(M>lr()f)u:aIly 

[0052] ( av()ral)ly. Itn' conconlialiofi of lh<; acid :uil):.laru:(? in llu? a(iiM?oiJ:. rnodiuru f)Moi lo tfi«i n/(;olr()f)i(: (iislill.Hion 
i.s adjushMl, a:, (x cai.ion (kun.ind:;, lo a U.'V(?I lalliruj r.hoit ol f)M w«M()hl lurtluM lo rjol rnoro Ihan U) woKjlit a»j«l 
furUior lo not niou? lhaii 40 w(M()hI Sf )0(:ifi{:ally, lh(» adjij;.lf noni of Iho conconlralion !o lhf» rafujo riior Hionod ahovo 
is favofahly allaimfd l)y usinf) waliM 

[0053] WtuMi Uhj a(|UiM>iis tiitMjiufii i;. an alkalifUi i.iihi.lanct,', il Mifficos to fi.iv(.' Iho c.onctMitration u\ alkalinn 
substance in the ikjmooii!; rn<MliiJtn ndjUf.Ujd to n l(?v(;l willim lh<? rancjr; rnonliofUHi at)(>V(? I fu? ndjur.tnuMil of llio con 
conlration lo tho rango inonlionod ahovo may ho allairuiti hy incorporalinc) into tho aquoour, rnodiurTi a dilute.* acidic 
substanco or alkaliiK? sul)s!an(:o In an aniount onoiujh for tlio adjiistriionl 

[0054] 1 luMi, th(? a/(M)lrof)ic (Jifihllation wtiich cfiar acl(>n/os Iho pfos(Mit invtMitujn will ho oxf)laifUMl t)i?low 
-0 [0055] f rorn tho roaction solution which is ohlairuxJ as doscnbod abovo, the formed ^,3.5,b tolrafluofOiiniliru? us fo 
covered by n/eotropic dir.tillalior) with water In Ihisciise, the a/eotropie dislillfilion may be carried ou! after the reaction 
solution obtainecJ ifi the presence) of tfu) aqueous medium has been mixed with water. I he mixing of the reaclion solullor) 
with water may he attained t)y adding water to the reac;lion soliilion , mUWru} the reaction solulion to a sef)af ate roiicllon 
V(jssel which fuis iKMjn cfiaiged in a(Jvance with water, or a(J(Jin() piirl of wa!(M to the reaction solution and fcMMJiruj Ifio 
resultant mixture lo fi separate reaction vessel, (lenerfilly. a mettuxi which comprises retfiininq the temperature of ttie 
water fed to a separate reaction vessel at a prescribed level and Ihereafler adding the reaction solulion dropwiso into 
the water is favorably adopleci As the aqueous me(Jium, water or fi rnixluro ol water willi an organic solvent misciblo 
witfi water may he used f ho use of water as the f^quoous medium proves economical ar>d advfinlfigoous In tfie sense 
tliat the H/eotiopic distillalion can be performed under a favorable cofidition. 
:)o [0056] The amount of the water lo be used for tho mixing n^onllonod above is in the range of 0 1 lo 10 weigfit parts, 
proforably in tho rango of 0 2 to 5 weight parts, and more proforably in tho range of 0.3 to 3 woighl pfirts, based on 
one weight part of tho roaction solution. Gonorally. tho walor Is proparatorily placod In a nocossary amount colloctlvoly 
in a separate roaction vessel Aflor tho a/ootropic disllllatlon has boon slarlod, tho distlllalo Is divided Into wator and 
2,3.5, 6-tctrariuoroanlllno and tho wator expelled by this distillation is circulated to tho reaction solution. 
35 [0057] Tho a/ootropic distillation is carried out with tho tomporaturo of tho distillate in the roaction vessel (tho so- 
callod azootropic tomporaturo) fixed at a lovol in tho rango of 80 lo ISCC. proforably in tho rango of 90 to 130°C. 
Though the prossuro propor for this distillation mays bo olthor normal pressure or reduced pressure, the normal pres- 
sure proves nnoro favorable. 

[0058] The azeolropic distillation performed as described above can be likewise applied to tho reaction solution 

40 which Is obtained In and after the latter step of the process of the first aspect of this invention. 

[0059] fviow, this invention will be described below with reference to one example thereof, i.e. the procedure wherein 
the aqueous medium contains an alkaline substance, 4-amlno-2,3,5,6-tetrafluorobenzonltrlle Is used as the aromatic 
cyano compound represented by the general formula (1), and 2,3,5,6-tetrafluoroaniline is produced as the aromatic 
compound represented by the general formula (2). 

45 [0060] This invention concerns a process which comprises a step of hydrolyzing 4-amino-2,3,5,6-tetrafluorobenzoni- 
trlle under a condition containing an alkaline substance as the aqueous medium thereby obtaining 4-amino- 
2,3,5,6-tetrafluorobenzolc acid and/or a salt thereof (such as, for example, a sodium salt when the alkaline substance 
is sodium hydroxide) (hereinafter, indicated as 4-amino-2,3,5,6-tetrafluorobenzoic acid (salt)), a step of decarboxylating 
the compound by the reaction of decarboxylation, and finally a step of recovering the formed 2,3,5,6-tetrafluoroaniline 

so by azeotropic distillation with water. 

[0061] The alkaline substance to be used in the step for hydrolysis mentioned above does not need to be particularly 
discriminated but is only required to be capable of hydrolyzing 4-amlno-2,3,5,6-tetraf luorobenzonitrile and consequently 
forming 4-amino-2,3,5,6-tetrafluorobenzoic acid (salt). Alkali metal salts, alkaline earth metal salts, and amines, for 
example, may be used as the alkaline substance. As concrete examples of the alkali metal salts, sodium hydroxide, 

55 potassium hydroxide, sodium carbonate, potassium carbonate, sodium hydrogen carbonate, and potassium hydrogen 
carbonate may be cited. As concrete examples of the alkaline earth metal salts, calcium hydroxide and calcium car- 
bonate may be cited. The use of sodium hydroxide, among them, proves particularly advantageous by reason of econ- 
omy. The combined use of sodium hydroxide and calcium hydroxide proves favorable from the viewpoint of preventing 
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the reaction vessel from corrosion. As concrete exannples of the amines, alkyi amines such as dimethyl amine, trimethyl 
amine, ethyl amine, diethyl amine, triethyl amine, butyl amine, dibutyl amine, and tributyl amine and pyridine and qui- 
noline'may be cited. These alkaline substances may be used either singly or in the form of a combination of two or 
more members. 

5 [0062] The amount of the alkaline substance to be used is in the range of 0.1 to 20 weight parts, preferably in the 
range of 0.3 to 1 0 weight parts, and more preferably in the range of 0.5 to 5 weight parts, based on one weight part of 
the raw material, 4-amino-2,3,5.6-tetrafluorobenzonitri[e. If the amount of the alkaline substance to be used is exces- 
sive, the excess will be at a disadvantage in inducing the raw material to undergo a reaction for halogen substitution 
and lowering the selectivity of the reactions. If the amount is unduly small, the shortage will be at a disadvantage in 

10 preventing the reactions from proceeding smoothly. 

[0063] The reaction of hydrolysis is properly carried out in an aqueous medium. As the aqueous medium, water may 
be used alone or in combination with a solvent miscible with water As the solvent of this nature, alcohols, aprotic polar 
solvents, ketones, and esters can be used. As concrete examples of the alcohols, methanol, ethanol, n-propanol, 
Isopropanol, ethylene glycol, and propylene glycol may be cited. As concrete examples of ketones, acetone, methylethyl 

15 ketone, and methyl isobutyl ketone may be cited. As concrete examples of esters, acetic esters such as ethyl acetate, 
propyl acetate, and butyl acetate may be cited. As concrete examples of aprotic polar solvents, dimethyl formamide 
(DMF), dimethyl sulfoxide (DMSO), and n-methyl pyrrolidone may be cited. 

[0064] The amount of the aqueous medium to be used is in the range of 1 to 50 weight parts, preferably in the range 
of 2 to 30 weight parts, and more preferably in the range of 3 to 1 0 weight parts, based on one weight part of the raw 
20 material, 4-am!no-2,3,5,6-tetrafluorobenzonitrile. If this amount is unduly large, the excess will be at a disadvantage 
in degrading the productivity of the target compound. If the amount is unduly small, the shortage will be at a disadvan- 
tage in preventing the reactions from advancing smoothly. 

[0065] The reaction temperature is In the range of 20 to 200**C, preferably in the range of 30 to 150°C, and more 
preferably in the range of 40 to lOO'C. If the reaction temperature is excessively high, the excess will be at a disad- 

25 vantage In increasing secondary products due to the reaction of halogen substitution of the raw material and conse- 
quently lowering the selectivity of the target compound. Conversely, if the reaction temperature is excessively low, the 
shortage will be at a disadvantage in preventing the reactions from advancing at an economically sufficient speed. 
[0066] The present process, because of the use of an alkaline substance, conspicuously allays the corrosion of the 
reaction vessel as compared with the conventional process which uses an acidic substance. 

30 [0067] Now, the step of decarboxylaion will be explained below. This is the step of performing the reaction of decar- 
boxylation of the 4-amino-2,3.5,6-tetrafluorobenzoic acid (salt) fomned by the reaction of hydrolysis. 
[0068] The reaction of decarboxylation may be attained by directly heating the aqueous medium containingthe 4-ami- 
no-2,3,5,6-tetraflurobenzoic acid (salt) fomned by the reaction of hydrolysis. It may be otherwise fulfilled by adding for 
the reactions an alkaline substance different from the alkaline substance used at the step of hydrolysis. As concrete 

35 examples of the alkaline substance proper for the addition , those alkaline substances enumerated above may be cited. 
Among other alkaline substances mentioned above, the alkaline earth metal salts prove advantageous because they 
allow the reactions to proceed more smoothly and prevent the reaction vessel from being corroded with the fluorine 
ions formed by the secondary reaction involved In the step of decarboxylation. The amount of the alkaline earth metal 
salt to be used is in the range of 0.01 to 2 weight parts, preferably in the range of 0.02 to 1 weight part, and more 

40 preferably in the range of 0.03 to 0.5 weight part, based on one weight part of the 4-amino-2,3,5,6-tetrafluorobenzoic 
acid (salt). If the amount so used is unduly large, the excess will be at a disadvantage in increasing the secondary 
produces due to the reaction of halogen substitution of the raw material and consequently lowering the selectivity of 
the target compound. Conversely, if this amount is unduly small, the shortage will be at a disadvantage in precluding 
fulfillment of the effect mentioned above. 

45 [0069] The decarboxylation may be effected after the alkaline substance existing in the aqueous medium has been 
partially or completely neutralized by the addition of an acidic substance to the aqueous medium. 
[0070] The acidic substance mentioned above may be either an inorganic acid or an organic acid. As concrete ex- 
amples of the inorganic acid, hydrochloric acid, sulfuric acid, and nitric acid may be cited. As concrete examples of the 
organic acid, formic acid, acetic acid, propionic acid, and butyric acid may be cited. By reason of economy, sulfuric 

50 acid is used particularly favorably among them. The amount of the acidic substance to be used is in the range of 0.1 
to 2 equivalents, preferably In the range of 0.3 to 1 .5 equivalents, and more preferably in the range of 0.5 to 1 equivalent, 
based on the weight of the alkaline substance. If this amount is unduly small, the shortage will be at a disadvantage 
in preventingthe target compound from being obtained at a sufficiently high speed of reaction. Conversely, if the amount 
is unduly large, the excess will be at a disadvantage in compelling the reaction of decarboxylation to proceed under 

55 an acidic condition, increasing the secondary products due to the reaction of halogen substitution of the raw material, 
and consequently inducing corrosion of the reaction vessel due to the generation of hydrogen fluoride. 
[0071] The reaction of decarboxylation may be performed under either normal pressure or increased pressure. Fa- 
vorably, it is carried out under increased pressure such as, for example, a pressure In the approximate range of 0.1 to 
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tinrliM 111.- II H hm'..m| |>r.-.'.ijr.' 111. "i.iy In - flNM IrrHty iiMfit) .1 pr.--. .iim" i . .i:.l. »nl itMitioii V(?:.:.rLiti(l K. •.'piiuj .n Id'.c.j 
sy.liMM llii'M-iti hy ,i( ( MiMul.iliMf) .t in lln' fc.K li'»n vr-.-.d I fii- f.-.it liorr. ni.iy In* olhiMWi:;*? < .iirn-.l mil l>y |).iili.illy 
fxlLii lint) fioni Ih.' MM< Kofi v<>'.'..'l lli<> f|.i'. h.iviiif) .r. il'. in. iin < onipon.'iil [he ( .ithon (Jioxidr (j.i*. < )« -n. M . 1! 1 m I hy Ifm 

/> ri.Mi lM)fr. thclrljy Kci-piin) llir pH".!.llM: in III..' H'.u tiuii vr-.-.d ,il .1 Iix.mJ Irvcl 

[0()/?| ihc MM( IU)n IrriiiuM iiliirr 1:. in IIh* iniKji' ol In I'OO'C. prnlni.ibly 111 Ifin r,in()(; of In U<() C and mom 
prnlnf.ihly in Ihn f.ui(i<* nf /() In 1 <>() •( ; 11 tin? f(;.i(:hnn tnf npi m . ilin n i:. luxiuly hltjh. tluj nxc(}uy, will Ix? nl n di;.. k Jv. ml. njn 
in in« MMMfKj IIh? r.ncnnd.ity firndiJ('I'. (Jut? !n IIk? r(?n(:linn nl haln()»?n r.uhi.litulion of Iho raw rnnl(Mi.il .uid (:(Jtr.n(|unntly 
(Mil. iiliiK) ',0(11 prnhliMir, .r. cniffjMon (tf ilm riMcliofi vi'-.'.cl dn.^ to Ifin (jnn.Mntiofi of liydrofjnn flunridn Cnfivnr.nly if 

to till.' ii'.i*.lit)ii Inmpni. itun? i:. urMluly low, tin.' sIkhLkji? will In? nl n di:.ndv, inLif 111 [)U)ViMitin() llu; lonclion:. from pn» 
(mmmJiiu) Mnoothly 

[0073] I ho !.lop of tiydjoly:.!:. nnd llu? :.l(?p of dcM:;irl)oxylnlion ninntionod abovo tnay l)o p(?rforinod in ono and IIhi 
sainn joaclton vn'.!.(M or in dilf(?r(?nl icMt:lion vor.r.ol A-. Ihn rnn* lion vnr.sf}l, Iho roaohon vn-.snt in < ornmon ur.i? whu li 
i;. niadn of cailxm ^.Innl or .■.tainln?,;. ;;t(MM may l)n ii'.nd 

[0074| I h»; rnolaf ratio (jf IIh; aioinalii; t:omp(jnnd to inj loirn(?d in tli«j itMction vosr>(;l ofuja()in(j \n ,i/notf o()i(; di.'.lil 
laliori, r.irnilarly to lh<» rcNiolion:; u:;irKj an a(HJ(jous :;()liiliori iri iin iicidtc suhstanco, moans that tlu? riiolaf ratio of Iho 
aromatic coriipourHJ ol Iho ()<nu>ial formula lo lio formod loiichn:; a lovol of not los;; than mol proforalily Ui) 
mol "/., and mor(? prororal)fy r*f) mol basod on thr; uHlial amoiinl of tho aromatic cyario compound rtjprosonlod hy 
Iho fonnula (1 ) I h(? f;t(>p of a/(M)lropit: dislillalion Is llu? sani<? as whon iho aciciic: suljslancc? is us(?d 
^0 [0075] Iho ltiir(j a;.|)<;cl of Itiis invention is in lh(; prociuction of an aromatic compound rof)rosonto(J by tho (jc?ru)ial 
forriuilii by hytiioly/iruj "rui docarboxylaliruj an arorTuUic cyiino cortipound rcprosonlotJ by the <;oncral fornujlii (1) 
in Itu) pro;-.onco of an acidic substanco, a moltiotJ for ttu) f)roduclior) of tho aromatic compound. characlori/txJ by 
porformiru) tho fiydrotysis and decarboxylation In mulli|)lo slops aruJ offoctinn tho rocovory of tho formoci arornatlc 
compoiiruJ from tlui roactiorr solution by a/oolropic dislillalion Willi walor 

Pfi 



CN 



30 




(Wherein X is a halogen atonn, Y is a cyano group, nitre group, orcarboxyl group, Z is a nitrogen-containing group 
represented by -N(R^) (R^) (wherein and R2 are Identical or not identical substitutes superposed on a nitrogen atom 
and selected from among hydrogen atom and linear or branched alkyi groups of 1 to 4 carbon atoms), m is 0, 1 , or 2, 
40 and n is 1 , 2, 3. or 4, providing that the sum of m and n falls in the range of 1 ^ m + n ^ 4.) 



45 




(wherein the symbols have the same meanings as in the general formula (1).) 

50 [0076] The third invention is directed to a process which comprises hydrolyzing and decarboxylating the aromatic 
cyano compound represented by the general formula (1) in multiple steps including a former step and a latter step 
using different reaction conditions in the presence of the acidic substance thereby producing the aromatic compound 
represented by the general foimula (2) and subsequently recovering the formed aromatic compound from the reaction 
solution by azeotropic distillation with water. Since the reactions are performed in at least two steps by using the acidic 

55 substance, the secondary production of such a corrosive substance as hydrofluoric acid can be repressed. Further, 
since the target compound is recovered by azeotropy, It is made possible to prevent the reaction vessel from being 
corroded during the course of the azeotropy and enable the target compound to be produced in a high yield. 
[0077] The compounds represented by the general fonnulas (1 ) and (2) mentioned above are the same as those of 
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the first aspect of this invention. Further, the "acidic substance" to be used and the conditions for performing "the 
reactions of hydrolysis and decarboxylation in multiple steps including a former step and a latter step using different 
reaction conditions" are the same as those which have been covered in the foregoing description of the first aspect of 
the invention . I n the present invention , the molar ratio of the aromatic compound of the fonnula (2) f onmed In the reaction 
vessel is not less than 85 mol %, preferably 90 mol %, and more preferably 95 mol %, based on the initial amount of 
the aromatic cyano compound represented by the fonnula (1). If this molar ratio falls short of 85 mot %, the shortage 
will be at a disadvantage in inducing the reaction vessel of glass used for the reactions of hydrolysis and decarboxylation 
or in the step of azeotropy to sustain con^oslon. The conditions for azeotropically distilling the fomied aromatic com- 
pound are the same as those which are covered by the foregoing description of the second aspect of the invention. 

EXAMINATIONS 

[0078] Now. this invention will be described more specifically with reference to working examples adduced hereinafter 
for illustration. 

<Referential Example 1 : Synthesis of 4-amino-2.3,5.6-tetrafluorobenzonitrile> 

[0079] A 500ml four-neck flask provided with a stirrer, a themiometer, and a cooling tube was charged with 75 g (389 
mmols) of pentafluorobenzonitrile, 225 ml of n-propyl acetate, 79.5 g of an aqueous 25% ammonia solution (1.165 
mols as ammonia), and 0.375 g of tetrabutyl ammonium bromide. The contents of the reaction vessel were left reacting 
at 25*^0 for one hour and further reacting at 50«C for five hours. When the reaction solution obtained after completion 
of the reaction was analyzed by gas chromatography, the conversion ratio of pentafluorobenzonitrile was found to be 
1 00% and the yield of the target component, 4-amino-2,3,5.6-tetrafluorobenzonltrile to be 94%. 
[0080] The n-propyl acetate layer containing 4-amino-2,3,5,6-tetrafluorobenzonitrile was separated and washed 
twice with 100 g of an aqueous 10 weight % sodium sulfate solution to remove the ammonium fluoride contained in 
the layer. Subsequently, the n-propyl acetate layer was heated to expel the n-propyl acetate by distillation and obtain 
73.5 g of 4-amino-2,3,5,6-tetrafluorobenzonitrile (purity 94%) (yield 93.6%). The product contained 4.5 g (6%) of 2-ami- 
no-3,4,5,6-tetrafluorobenzonitrile as an impurity. 

Example 1 

(Former step reactions) 

[0081] A 200ml four-neck flask made of glass and provided with a stirrer, a thennometer, and a cooling tube was 
charged with 120 g of an aqueous 90 weight % sulfuric acid solution and heated till the internal temperature thereof 
reached HC^C, with the solution kept stirred. Subsequently. 50 g of the solid obtained in Referential Example 1 (having 
a 4-amino-2,3,5,6-tetrafluorobenzonitriIe content of 94%) was fed at a feed rate of 4 g/h to an aqueous 90 weight % 
sulfuric acid solution kept at IIO'^C. The concentration of sulfuric acid In the reaction vessel during the former step 
reactions was in the range of 90 to 94 weight %. After the feeding was completed, the reaction was further continued 
for two hours. When the reaction solution was sampled and analyzed by liquid chromatography, the conversion ratio 
of 4-amino-2,3,5.6-tetraf luorobenzonitrile was 1 00 mol % and the products fonmed In the reaction solution were found 
to be as follows. 



4-Amino-2,3,5.6-tetrafluorobenzamide 


65 mol 


% 


4-Amino-2,3.5,6-tetrafluorobenzoic acid 


10 mol 


% 


2,3,5,6-Tetrafluoroaniline 


20 mol 


% 



(Latter step reactions) 

[0082] By adding 22 g of water to the reaction solution mentioned above, the concentration of the aqueous sulfuric 
acid solution was adjusted to 80 weight % and the reaction was continued for 15 hours. The concentration of sulfuric 
acid in the reaction vessel during the latter step reactions was 80 weight %. When the reaction solution obtained after 
completion of the reaction was sampled and analyzed by liquid chromatography, the yield of 2,3,5,6-tetrafluoroaniline 
was found to be 98 moI%. 
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(StOf) of .1/1 -nlK .py) 

[0083) A M)() (til loui net k fl.i-.k fn.i(l<" ol (|l.r.'. .mil |i(()vnli'tl wilti .1 :.tifHM. .1 lh«'f rnoMn 'ItM. a (Jt( i| »| hik) liiniinl, .mil .1 
watfM ;.rj).ir,il!iuj till).' w.i', ( Ii.ikj.mI wilh :U)() fiil of w.itoi .md ImmIoiI lo |()() '( :, will) Ifio Wiltof tfiofoin .r. kopl '.tllMMl. 

5 to rcl.llli .1 of l(.*fliix in Iho fo.H.hoii Vr:.M:l 

[0084] I fu' rcNjclion r;olulion ohtninfd in lln-.tcf) ol liy<)roly:.i:. .uid (IfM-.irhoxyl.ilioft w.i:. |)I.u:(m1 in lln' (ir(»|>|>in»j fiinnol. 
rot.iifKM) .il 11 0 C Ijy iiKMn:, (jf ;ifi oh, 'due fuMlor, .\tu\ atlthMl dfopwi.-.r into tln' H.i:.k ov(?r a [jiMiod ol ofn? Injur, and 
subjected to .i/<Mjlr()f)i( dr.lillation lo oxfiol :',:t,f),() t(?li afluot oanilino inlo tho walof r.opafalinc) luho 
[0085] I lu^ uppo[ l.iyiM of Ifio di'.lillal<' ( olloclirui in llio w.itoi M'p.ii.iliMcj liiho w.r. waloi .ind Iho jowoi l.iyoi II 101 oof 

iO was ?.'A.i>Xi liMialluoio.uiilirK? I In? oxpuh.ion ol ItMialluoioaniliin? l)y di:.lillation wa:. ccjnlinuod loi lliroo hour., 

with lh(? (Ii:.lilli;d water circulated continuou.'.ly inio IhtJ (l.i:.k 

[0086] t foni lf)e wafei r.epai ;tl int) tiilje, M'l A (j <;f i^a S,(i t<!l lalli loio.inilinew.i:. ol)laine(J When Ihi:; {:()rnpoiind wa-. 
analyzed hy chrofnaKxjraphy, llu? f)iifily lher(M)f w.i:. loiind to he S*:., I h(? total yield in llu? slf?p of hydiolyM;. 
and (leeail)()xylali()fi and I he sl(?p of a/eol f opic df.lillalion wa;. found lo he ' !(> 0 "/., WIhmi Ihe inner walls ol llnMe.iclion 
1^ V(;s:.(H:v Ms«;d for the hydr(jly:.is and cjec.ulJoxylalKMi and hu IIhj a/c-oln>pic di:. (illation we're VM.rj.illy in;>p(!( led. na dir. 
CfjrrHhU; j;i()n ol corroj.ion wa:; detcjclecj 

(l)(»tt.Mfnination ol annual ratio of corrosion) 

20 [0087] Ihe rcjaclion vossols uso<J in llio rcNiclions rnontiorujd al)ove W(Me rnoasurod for annual ratio of t;oiroMor» 
I ho ronctions of hycJrolynis find docfirboxylation woro cnrriod out l>y followifuj tho procoduro doscritxKJ nhovo wfiiUi 
using a bOOrril soparablo flask made of stainless stool lined with a fluorocnrbon rosin in placo of n flask nuido ol (jlaiJK, 
having a (jlass tost f)ieeo (pestio typo, made k)y NC.K Insulators I td , and sokJ under Iho product oodo of "(il 400") 
irnnu?rsod rujar tfie inttjriace, aruJ trif)lin(j tfio aniounls of tlu) a(tueous sulfuric acid solution and the solid, arui tho sf>ood 
of addilion ol tho solid. This reaction Wfis porforniod up lo two ropotilions When tho tost piooo whicft luui uridorcjono 
tho reaction Uireo lime;? was taken out and tested for annual ratio of corrosion in accordance wilh the followlru) formula. 
I ho ralio was found to bo 0 o;^ mm/year. 

Annual ralio of corrosion (nini/year) 

30 

{|(Wo - Wi)/D|/S} .' {|24(hr/day) - 36b(days/ycar)l/I ) 



35 



40 



wherein 

Wq: weight of lost pioco before tho tost (mg) 
Wv weight of tost pioco after the lost (mg) 
D: specific gravity of lest pieco (mg/mm^) 
S: surface area of test piece (mm^) 
T: duration of test (hr) 

Example 2 



50 



55 



(Reactions of hydrolysis and decarboxylation) 

[0088] A 200ml four-necl< flask made of glass and provided with a stirrer, a thermometer, and a cooling tube was 
charged with 100 g of an aqueous 90% sulfuric acid solution and heated till the internal temperature thereof reached 
1 00°C, with the solution as kept stirred. Then , 50 g of the solid (having a 4-amino-2,3,5,6-tetrafluorobenzonltrlle content 
of 94%) obtained in Referential Example 1 was fed at a feed rate of 4 g/h to an aqueous 90% sulfuric acid solution, 
with the solution as kept stirred. After the supply was completed, the reaction was continued further for two hours. 
When the reaction solution was sampled and analyzed by liquid chromatography, the conversion ratio of 4-amino- 
2,3.5,6-tetrafluoroben2onitrile was found to be 98 mol % and the products fomned in the reaction solution were found 
to be as follows. 



4-Amino-2,3,5,6-tetrafluorobenzamide 
4-Amino-2,3.5.6-tetrafluorobenzoic acid 
2,3,5,6-Tetrafluoroaniline 



55 mol % 
1 0 mol % 
8 mol % 
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[0089] The concentration of the aqueous sulfuric acid solution was adjusted to 80% by adding 1 9 g of water to the 
reaction solution and also heated to 120°C. The ensuing reaction was continued for 15 hours. When the reaction 
solution obtained after completion of the reaction was sannpled and analyzed by liquid chronnatography, the yield of 
2,3.5,6-tetrafluoroaniline was found to be 98%. 

(Step of azeotropy) 

[0090] A 500ml four-neck flask made of glass and provided with a stirrer, a thermometer, a dropping funnel, and a 
water separating tube was charged with 300 ml of water and heated to 1 00**C, with the water as kept stirred, to retain 
a state of reflux in the flask. 

[0091] The reaction solution obtained in the step of hydrolysis and decarboxylation was placed in the dropping funnel, 
retained at 110°C by means of an electric heater, and added dropwise into the flask over a period of one hour, and 
subjected to azeotropic distillation to expel 2,3,5,6-tetrafluoroaniline into the water separating tube. 
[0092] The upper layer of the distillate collecting in the water separating tube was water and the lower layer thereof 
was 2,3,5,6-tetrafluoroanillne. The expulsion of 2,3,5,6-tetrafluoroaniline by distillation was continued for three hours, 
with the distilled water circulated continuously into the flask. 

[0093] From the water separating tube, 39.7 g of 2,3,5,6-tetrafluoroanilinewas obtained. When this compound was 
analyzed by gas chromatography, the purity thereof was found to be 99.8%. 

[0094] The total yield in the step of hydrolysis and decarboxylation and the step of azeotropic distillation was found 
to be 97.1 %. When the inner walls of the reaction vessels used for the hydrolysis and decarboxylation and for the 
azeotropic distillation was visually inspected, no discernible sign of corrosion was detected. 

(Determination of annual ratio of corrosion) 

[0095] When the reaction vessels used in the reaction of hydrolysis and the reaction of decarboxylation were meas- 
ured for annual ratio of corrosion by following the procedure of Eample 1 , the ratio was found to be 0.03 mm/year 

Examples 3 to 8 

[0096] The hydrolysis and decarboxylation and the azeotropic distillation were performed by following the procedure 
of Example 1 while changing the concentrations of sulfuric acid, the reaction temperatures, and the duration of reaction 
in the former step reactions and the latter step reactions as shown in Table 1 . The conversion ratio of the raw material 
(4-amino-2,3,5,6-tetrafluorobenzonltrile), the amount of TFA (2,3,5,6-tetrafluoroanillne) formed (mol%), the presence 
or absence of corrosion on the reaction vessels used for the reaction of analysis and the reaction of decarboxylation, 
the yields (yields at the steps of hydrolyxis and decarboxylation), and the annual ratio of corrosion were as shown in 
Table 1 . The results of Examples 1 and 2 are collectively shown in the table 1 . 
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Example 9 

(Step of hydrolysis and decarboxylation) 

5 [0097] A 200ml four-neck flask provided with a stirrer, a thermometer, and a cooling tube was charged with 120 g of 
an aqueous 85% sulfuric acid solution, heated to 1 30°C, and thereafter retained at this temperature. Into the flask, 40 
9 of the 4'amino-2,3,5,6-tetrafluorobenzonithle (94% in purity) obtained in Referential Example 1 was added in a molten 
state dropwise at a rate of 4 g/h over a period of 10 hours. After the dropwise addition was completed, the reaction 
was further continued for eight hours. When the reaction solution obtained at the end. of the reaction was analyzed by 

10 liquid chromatography, the conversion ratio of 4-amino-2,3,5,6-tetrafluorobenzonitrlle was found to be 1 00% and the 
yield of the target product, 2,3,5,6-tetrafluoroaniline, was found to be 98%. 

(Step of azeotropy) 

15 [0098] In a 200ml four-neck flask provided with a stirrer, a thermometer, a dropping funnel, and a water separating 
tube, 50 g of water was placed, heated to 1 00°C, and retained at this temperature. Then, the reaction solution obtained 
at the steps mentioned above was transferred into the dropping funnel adapted to retain temperature by heating and 
dropped therefrom at a rate of 120 g/hr. The temperature of heating In the reaction vessel was continuously elevated 
so as to expel the target product, 2,3,5,6-tetrafluoroaniline by distillation into the water separating tube at 1 00**C during 

20 the Initial stage of the distillation and at 1 40°C at the time of completion of the distillation. The 2,3,5,6-tetrafluoroaniline 
expelled by distillation was withdrawn into a receptacle and the water fonned by distillation was returned to the four- 
neck flask. Thus the expulsion of 2,3,5,6-tetrafluoroaniline by distillation was continued for three hours. As a result, 32 
g of 2,3,5.6-tetra fluoroaniline having a purity of 98.5% was obtained. Theyield was 98.5%. 

[0099] When the inner walls of the reaction vessels used for the hydrolysis and the decarboxylation and for the 
25 azeotropic distillation were visually inspected, no discernible sign of corrosion was detected on any of the reaction 
vessels. When the reaction vessels used for the hydrolysis and the decarboxylation were measured for annual ratio 
of corrosion, the ratio was found to be 0.09 mm/year. 

Comparative example 1 

30 

[0100] 2,3,5,6-Tetrafluoroaniline was produced from 4-amino-2,3,5,6-tetrafluorobenzonitrile. To be specific, in a 
200ml four-neck flask provided with a stirrer, a themiometer, a dropping funnel, and a water separating tube, 1 00 g of 
60% sulfuric acid was placed and heated to 140'C. To the hot sulfuric acid, 36 g of the raw material, 4-amino- 
2,3,5,6-tetrafluoroben2onitrile (having a purity of 94% and containing 6% of 2-amino-3,4,5,6-tetrafluorobenzonitrile as 

35 an impurity) was added dropwise at a rate of 6 g/hr. The 2,3,5,6-tetrafluoroaniline which was fonned by the reaction 
was expelled by azeotropy with water, guided into the water dropping tube, and separated from the water The reaction 
was continued for six hours while the reaction vessel was supplied with the same amount of water as expelled by 
distillation. After the completion of the reaction, the conversion ratio of the raw material detenmined by gas chroma- 
tography was found to be 96 mol %. When the 2,3,5.6-tetraf luoroaniline expelled by distillation was analyzed, the purity 

40 was found to be 95.3% and the yield to be 82.5%. 

[0101] When the reaction vessels were visually inspected, the inner walls thereof were found to sustain a discernible 
corrosion probably induced by hydrogen fluoride. The annual-ratio of corrosion was 0.3 mm/year 

Example 1 0 

45 

(Step of hydrolysis) 

[01 02] I n a 1 00ml four-neck flask provided with a stirrer, a thermometer, and a cooling tube, 1 4.7 g of the solid (having 
a 4-amino-2.3,5,6-tetrafluorobenzonitrile content of 94%) obtained in Referential Example 1 was placed and 80 g of 
50 an aqueous 1 0% sodium hydroxide solution was further added thereto and they were allowed to react at 50^C for eight 
hours. When the reaction solution obtained at the end of the reaction was analyzed by gas chromatography, the con- 
version ratio of 4-amlno-2,3,5,6-tetrafluorobenzonitrilewas found to be 100% and the yield of the target compound, 
4-amino-2,3,5,6-tetrafluorobenzoicacid, was found to be 98%. 

55 (Step of decarboxylation) 

[0103] A 100ml autoclave was charged with the reaction solution obtained in the step of hydrolysis plus 9.8 g of 
concentrated sulfuric acid (equivalent to the sodium hydroxide used in the step of hydrolysis). With the inner temper- 
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atuu.M)! llif .mt< M I. iv« • i -li -v. il i •» 1 !( > 1 i . . in< I I fi« • itirn -r f >r< •■ .'.tii « • < )( 1 ! i. ■ i . -.n Ik .n vi ■.:.(. «: fiM.nncd . il i) ; ' Ml '.t. IIkmc k Ikki 
war> c. irf hm) oul (oi ckiM huuf. Win mi II h' hmi lion :.(>1iiIh)Ii ( >! )I. iit k •> I . ilt< - r IIhm onifjiction of !fii' nm' Imn w.r. .iri-ily/r.) 
by (J.i:. < htorinlfxjf .ipliy, lhi« i < it ivi 'f -.k in t.ilio ol '1 .irninn !( -If . illu( 'f < 'hrf i/t nc . icid W. iS (oUIkI Io In- 1 1 )()•■.. , ituj llm 

yiokj ol ;' h'lMfliioio.inilinr w.i-. lound (o hi» 

(Slof) ot n/i'()lf<)[)y) 

[0104| In .1 :*()()ml foiH ru^ck (ia-.k pfovidtMl with a !.(ift»?f, a ItuMnioii i* Hi m, .i (if()f)f)in() funnol, aiui a w.ilor :.i '| )aralin(| 
Ult)(\ till- ri'.if lion solution olitainrd in the '.lop of ( jo( :ar hoxyl, iliof i w.r. [il.iccd. hoal(Mj lo 1()f) 'C'., af)(i io1,iiimmI ill llii-. 
lonif>iMalUK.' With llu: watoi f)la(.i.'() ifj lln.' (ii(;f)pin() funnol ctddoti dropwi-.c; ttnM(H(j, llio lor npiM .ituro of tho lioalinn of 
tho fla:.k war. ol(?val<?d r.o a;; lo (.»xpol Ifw; lai()(M cornpouiKJ. tcrtriilliioioaniliru; l)y (Jislillation into llu? wa!(;t :;(?p 

aration lutH! I h(? oxfxih ion of > (> tr?li alliioioanilifUJ l)y dir.! ilia! ion wa:. atlaiiuMl al 1C)f)"C: in a MMtilion v<?:.:.ol durirK] 
tlu> inihal ?.la()o of di:.lillation an(J at MCJ 'C : at Iho lifTU? ol (:t)rnf)loIin() the div.lillalion 

[0105J Willi tho dclilliMi h'lf af Inof oarnlino wilhdf.iwn irHo a ircoplacio and tho distilUnl wat(M riHuinocl to Iho 

four ruM:k fl.ick. Ih<j (♦x[)ulr,i()ii of ;\:i,f),(i tolfalluof oaniliru; tjy di!it illation wa:. conhnuc.HJ fof thi(M) houii. A:i a r jlt, 1 1 M 
q of totraflijotoariiliru; fiaviru) m purily of was ohlairu;d 

[0106J I ho total ytoUJ in tfu> r.top of hydroly;;!!. aruj docarljoxylalion ami in Ifio stof) of .'i/(M)!ropy war. fM f)*'/. Wfion 
tho inlonofs of Uu) foaollon vosr.oh; ii:u)d for tho hycJrolyi.is and tfu; (Jf?(:/iil)()xylation and for Ifio a/ootropy wort? vi;;iially 
inspoolod, no dis(:ornil)lo sicjn of ooi rosion was (iotoclod in any of th(^ rJMclion vossols I ho annual ratio of coriosion 
of the roaclion voi.sols used foi Ifio stop of tiydiolysis and (Jocarl)oxylalion was 0.02 mrri/ycar. 

Claims 

1. In tho production of nn aroniiilic compound roproscntod by tho (jonoral formula {'r^) by hydroly/ing and do(:aft)ox 
yinlinq an fuomnllc cynno compound roprosontcd by the nonoral forrnuin (1 ) in tt)o prononco of tin acidic subslanco, 
a molhod for Iho production of tho aromatic compound, charactorizod by porforming ttio roactions of hydrolysis 

and docarboylallon In niultlpio stops 



CN 




z 

(wherein X is a halogen atom, Y is a cyano group, nitro group, or carboxyl group, 2 Is a nitrogen-containing 
group represented by -N(Ri) (R^) (wherein and R^ are identical or not identical substitutes superposed on a 
nitrogen atom and selected from among hydrogen atom and linear or branched alkyi groups of 1 to 4 carbon 
atoms), m is 0, 1 , or 2, and n Is 1 , 2, 3, or 4, providing that the sum of m and n falls In the range of 1 ^ m + n 5 4.) 




z 

(wherein the symbols have the same meanings as In the general formula (1).) 

2. A method according to claim 1 , wherein the conversion ratio of the aromatic cyano compound represented by the 
general formula (1 ) is fixed at a level of not less than 40 mol % and the molar ratio of the formation of the aromatic 
compound represented by the general fomnula (2) to the Initial amount of the aromatic cyano compound repre- 
sented by the fomriula (1) Is fixed at a level of not more than 80 mol % in a former step reaction in said multiple 
steps respectively, and subsequently the reactions of hydrolysis and decarboxylation are terminated in and after 
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a tatter step reactions in said multiple steps. 

3. A method according to claim 1 , wherein the reactions In the fonmer step and the latter step In said multiple steps 
are carried out on the conditions of lowering the concentration of said acidic substance and/or increasing the 
reaction temperature. 

4. A method according to claim 3, wherein said acidic substance Is an aqueous sulfuric acid solution. 

5. A method according to claim 1 , wherein said aromatic cyano compound Is 4-amino-2,3,5,6-tetrahalogenobenzoni- 
trile and said aromatic compound is 2,3,5,6-tetrahalogenoaniline. 

6. A method according to claim 1, wherein said reactions of hydrolysis and decarboxylation are carried out in the 
presence of sulfuric acid in a reaction vessel made of glass or lined with glass, 

7. A method for the production of an aromatic compound, characterized by fonning an aromatic compound repre- 
sented by the general formula (2) by hydrolyzing and decarboxylating an aromatic cyano compound represented 
by the general fomriula (1) in the presence of an aqueous medium and subsequently recovering the obtained 
aromatic compound from the reaction solution by azeotropic distillation with water 



(1) 



(wherein X is a halogen atom, Y is a cyano group, nitro group, or carboxyl group, Z is a nitrogen-containing 
group represented by -N(R'') (R^) (wherein and R2 are identical or not identical substitutes superposed on a 
nitrogen atom and selected from among hydrogen atom and linear or branched alkyi groups of 1 to 4 carbon 
atoms), m is 0, 1 , or 2, and n is 1 , 2, 3, or 4, providing that the sum of m and n falls In the range of 1 ^ m + n ^ 4.) 




z 

(wherein the symbols have the same meanings as in the general formula (1).) 

8. A method according to claim 7, wherein said aqueous medium contains an acidic substance and the concentration 
of the acidic substance in said aqueous medium is in the range of 80 to 98 weight %. 

9. A method according to claim 8, wherein said acidic substance is sulfuric acid. 

10. A method according to claim 7, wherein the molar ratio of the formation of the aromatic compound represented by 
the general formula (2) is not less than 85 mol % to the initial amount of the aromatic cyano compound represented 
by the general formula (1). 

1 1 . A method according to claim 7, wherein said aromatic cyano compound is 4-amino-2,3,5,6-tetrahalogenobenzoni- 
trlle and said aromatic compound Is 2,3,5,6-tetrahalogenoanlIine. 

12. A method according to claim 7, wherein said aqueous medium contains an alkaline substance. 

13. Amethod according to claim 7, wherein said aromatic cyano compound Is 4-amino-2,3,5,6-tetrafluorobenzonitriIe 
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and '-.ihl ,iH'»iMli( i <jin|",uM(l i-. ;' :\ f. I" 1 1 . illin n iiiiliin ■ 

14. In (III* (KodiK (KM I (il .in .iio/n.ilu ( onipotind k •( )i» ,< 'Hh m J liy the (jr>nci.il Icjunul.t (;') hy fiydi (^ly/ii m | .ind d('< .iilniw 
yintirir] Mn .it(>iti.ilir ( y, in(M (uii|)<)ijrHj ri 'pr('\iMiliM j t>y tfi(M|i wirr.il r()tMiiil.i ( 1 ) irMht' f W( v.(>ri(:(M)f H[i iv 
n rnrlliod lor thr |)i(>dii< lion of the aroni.ilK. (.(Mr)| lourid. chnrnctcrizrd by itiMtnrrniru) IIk.' fiydmlyM:. .iri<l di m .ir 
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(wfii'mn X IS ii \\iiUnnit\ Jilorn, Y is a cyann (jroiip, nilro (jroup, or (:art)()xyl (jroiip. / is a nitrocjoii conlainintj 
group r(;f)r(;s<jiil(Mi l)y N(H') (H**) (wl)(;ioin W arul F^^ arc identical <jr not identical substitutes super[)osed on a 
nitrogen iilorn iind r»electefi frorti anioncj liyciiogen atom an(J linear or branched alkyt nft>i^Jpi> (>' 1 to A (:arl)on 
atoms), rn ir. 0, 1 , or and n n\ 1 , 'i^, 'J, or A, provi(iinc) that the sum ol m and n tails in the range ol 1 • rti i n • A ) 




z 



(wherein the symbols have the same mofinlngs f»s In the cjonoral formula (1) ) 

15. A method Hccording to clHim 14, wherein a former stop reactions in said multiple slops are carried out under the 
condition of an Hcidic state in a concentration in the range of 80 to 98 weight % to react an aromatic cyano compound 
represented by the general formula (1) and subsequently a latter step reactions In said multiple steps are carried 
out under the condition of having tho concentration of said acidic substance loworcd by a level In the range of 5 
to 50 weight % and/or elevating tho reaction temperature by a lovol in the range of 5 to 30"C. 

16. A method according to claim 14, wherein tho molar ratio of tho formation of the aromatic compound represented 
by the formula (2) to tho aromatic cyano compound represented by the formula (1) in said reaction solution is not 
loss than 85 mol % . 

17. A method according to claim 14, wherein said acidic substance is an aqueous sulfuric acid solution. 
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ABSTRACT 



For the production of an aromatic compound by hydro lyzing 
and decarboxylating a corresponding aromatic cyano com- 
pound in the presence of an acidic substance, this invention 
provides a method for the production of the aromaic 
compound, characterized by carrying out the reactions of 
hydrolysis and decarboxylaion in multiple steps. Particularly 
when the aromatic cyano compound contains a halogen, this 
method effectively prevents the reaction vessels from being 
corroded by the by-produced hydrogen halogenide and 
enables the target compound to be produced in a high yield. 

17 Claims, No Drawings 
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ollk ial I'.a/rtUs i»l .11* A :\ l./*ir» ami .11* A OS .'•(.S.U /"^. 
tnr cxainpU- 1 tu- iiu lliod dcs(.'Mlu-<l in llu* t)rtk'i<<l ^'.a/i tti' t>l 
Jl*- A-()f> -M I .7Sf» is claiiMiil to c»htaiii 
telratliioroaniliiu- hy iisiii^*. a |H'nlalliit >inlH-ii/(ij«.' ncii\ ns a 
raw inatiiial aiul i-aiisiii)'. il lo trail with ainiimina in an 
a(|iic()us nu'diiiiu and oti)Si-(|tJi nt ly undi i^o ainiiiatiitii and ,^ 
tlccarbnxylalinn. ll is ilcvi ilu d that Ihc pcnlallutJiDlu ii/oic- 
acid as llu- law inatciial can Ih- ohiaincd by hydtoly/in^ 
pcnlatliioiolK-n/nniti ill* in an aqiici mis snll in ic ac id sohilion 
and that Ilimi^'Ji llu- a(|iK-<Mis icaclion solution conlaiiis 
excess suHiiiic acul and aniinoniiiin siiU'ate as a Kaclion 
prtKhicl hcsiilcs Ihe pcnialiuoiohen/oic aciil, the ohlaine<l 
pcntaihiniohen/oic acitl can he nse<l directly in its unniodi- 
lictl lorni without Inin^.', vvasheil with water in the reaction 
lor the prodnclion ol 2. ^,S,() tettalhioioaniline 

llien, the melluul discliiscd in llie olllcial ^a/cllc ol 
.IP-A-OS-2r)H/>7*> is claiintil to (d>lain 2.;^,5,f)- 
tc t ra II II oroa n i 1 i nc hy iisin^ 4 -a in i no - 2 , 3,5 ,6 - 
tctralluorobcn/onilrilc as a raw material, aikling il together 
with water to an acjiicous siiltiiric acid sohition tlicrchy 
enabling the 2,3,.S/)-telralliioroaniliiie lorined con.sec|iienlly 40 
by hydrolysis and decarlxixyiatinn to Ix: dislilled with water 
by a/eolropic distillatuni and meanwhile causing the reac- 
tion 1)1' hydrolysis and dccarboylalion lo proceed. Since the 
hydrollijoric acid which is Ibrnied by a secondary reaction 
corrodes reaction devices made of stainless steel or lined 45 
with glass, this method immediately dislills the formed 
2,3,.S/)-tetratluoroanilinc azcotropically with water and 
feeds water to the reaction vessel for the purpose of keeping 
the concentration of sulfuric acid therein at a fixed level, 
with the result that the reaction a vessel is prevented from 50 
corrosion and the 2,3»-*>.6-tctranuoroaline is obtained in a 
high yield. 

(ienerally, when a given reaction involves use of sulfuric 
acid, for example, the reaction vessel for this reaction is 
made of glass or lined with glass because the vessel would 55 
be destined to incur corrosion if it was made of iron or steel. 
The method disclosed in the aforementioned official gazette 
of JP-A-08-268,979 is directed at preventing a reaction 
vessel from corrosion, when the method uses 4-amino-2,3> 
5,6-tetrafluorobenzonitrile in a low purity as a raw material, ao 
however, the vessel undergoes discernible corrosion. When 
the raw material is subjected to a treatment for removal of 
impurities in advance, the treatment would be capable of 
preventing the vessel from corrosion but suffer disadvantage 
in adding to the number of steps for the process. 65 

In a working example cited in the ofiBcial gazette of 
JP-A-08-268,979, the 2,3,5,6-tetrafluoroaniline is reported 



2 

im h, . .i.j.iiiu J III ,t \ u Ui 111 s.v^' ; I iiii-,. Ih. tit Ml ,i).ihi\ ..I 

hii Hit 1 I 11I1.1 1 ll 1 1 ir llu \ u III liiuls I ( .h 1 1 1 \ ,i|i|m< iv ,il 

SI ;MM,\m ( )l I III IN\ I N I InN 

I 111 pn nt itiveiiloi. as a result i)j .1 di l.iili d '.lnd\ tm a 
|m||i i>I -.\ III lii^>i'- <tl an aionialic* aiiiiiu > i <MtipiMiiul (ilil.iiiu d 
h\ Mil IimImiInsis and dec ai !>« > \ vl.il i< in ol .1 Ii.iIo^mii 
i ontaiiiiin', .m mh.iIu' CN.tno cornpoiiiii .irul mi a Mtoiid.iiv 
[iKuliii l liMiiu il III the svnlliesis. h.is toiiiiil that (In nt i 111 
It m i ol iiiipii I II u s l an be ii pt esseil. the \ jehl 1 1| llu pii mIiu I 
e.m Ih i iili.iiK t.il. atiil ihe c tHmsuuj nl .1 leai Iumi vt -.-.t I i .111 
he pie\iiili ll h\ i ii 1 V 11 1)>, mil llu 11 ;u Iumi ol 1 1 \ 1 1 1 1 <] \m .ind 
ill i ,11 ho\N l.il i( Ml as ilivuleii nilo I \m » 1 1 isi u li -.U jr. 111 ir.ni}' 
ililli u iil i. o!)ililuMis As a jrsiill ot hiilhii i oiil iiiii iiif .1 
ill l.iiK ll s|iul\ oil llie linnnr. I«>i elleeliiii', llu 1 1 r.t 1 1 l.il 101 1 ot 
till l.iii'.et jMtuliKl liom tile le.ulioii s\sk in. lu li.r. itiMov 
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tthl.tiiK il ni ,1 liiL'Ji yield by pei loiniinr. llie hyiliolvsis and 
dt e.itboxylalion in the presence ol an at|m tMis nietliiiin 
llu leby elleclini; ttirmation ol the aroiiulu aririiio coin 
pounil ami iherealter expelling the aroiii.ilK ariiirio lorri 
poiitul lliroiirji a/eolropie disl 1 1 l.itton with walei The 
pjest iil jiiventmn has been pciiecled l^aseil on the knt»wl 
etl^'.e thus actpiircd. Specifically, Ihis invention is ainie<l at 
piovidiiig the methods slated in ihc following*, ileiiis(l) lo 

(I) In Ihe proiliiction ot an aromatic compound icpic 
.sciilcd by the general tormiila (2) by hyilroly/ing aiul 
dccarboxylatin^ an aromatic cyano compound lepresenletl 
hy IIh' general lornuila (1) in the presence ol an acidic 
substance, a inetliod lor Ihe prodnclion (»! (he aioinatic 
eoinpouiul, characleri/ed by perloimiii); Ihe reaclit>n.s o! 
hytlrolysis and tlccarboylation in nnilliple steps. 

(I) 

CN 




(wherein X is a halogen atom, Y is a cyano group, nitro 
group, or carboxyl group, Z is a nitrogen-containing 
group represented by — N(R^) (R*^) (wherein R' and 
are identical or not identical substitutes superposed on 
a nitrogen atom and selected from among hydrogen 
atom and linear or branched alkyl groups of 1 to 4 
carbon atom.s), m is 0, I, or 2, and n is 1, 2, 3, or 4, 
providing that the sum of m and n falls in the range of 
l^m+n^4.) 




z 



(wherein the symbols have the same meanings as in the 

general formula (1).) 
(2) A method for the production of an aromatic 
compound, characterized by forming an aromatic compound 
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represented by the general formula (2) by hydrolyzing and 
decarboxylating an aromatic cyano compound represented 
by the general formula (1) in the presence of an aqueous 
medium and subsequently recovering the obtained aromatic 
compound from the reaction solution by azeotropic distil- 
lation with water. 



Ym- 



1^ 



(2) 




CN 



(1) 



Ym- 





-Xn 



(wherein X is a halogen atom, Y is a cyano group, nitro 
group, or carboxyl group, Z is a nitrogen-containing 
group represented by — N(R^) (R^) (wherein and R^ 
are identical or not identical substitutes superposed on 
a nitrogen atom and selected from among hydrogen 
atom and linear or branched alkyl groups of 1 to 4 
carbon atoms), m is 0, 1, or 2, and n is 1, 2, 3, or 4, 
providing that the sum of m and n falls in the range of 
l^m+n^4.) 



10 (wherein the symbols have the same meanings as in the 
general formula (1).) 
According to the method of this invention, by using a raw 
material such a halogen-containing aromatic compound as 
4-amino-2,3,5,6-tetrahalogenobenzonitrile, it is made pos- 

15 sible to produce such a corresponding aromatic compound 
as 2,3,5 ,6-tetrahalogenoaniline in a high yield. Even when 
the 4-amino-2,3,5,6-tetrahalogenobenzonitrile formed in 
low purity is hydrolyzed, decarboxylated, and azeotropically 
distilled particularly in the reaction vessel made of glass or 

20 lined with glass, the production of the aromatic compound 
can be attained in a high yield without inducing corrosion of 
the reaction vessel. 



25 



Ym- 



Y 



(2) 



-Xn 



30 



DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The first aspect of this invention is in the production of an 
aromatic compound represented by the general formula (2) 
by hydrolyzing and decarboxylating an aromatic cyano 
compound represented by the general formula (1) in the 
presence of an acidic substance, a method for the production 
of the aromatic compoimd, characterized by performing the 
reactions of hydrolysis and decarboylation in multiple steps. 



(1) 



35 



40 



(wherein the symbols have the same meanings as in the 
general formula (1).) 

(3) In the production of an aromatic compound repre- 
sented by the general formula (2) by hydrolyzing and 
decarboxylating an aromatic cyano compound represented 
by the general formula (1) in the presence of an acidic 
substance, a method for the production of the aromatic 
compound, characterized by performing the hydrolysis and 
decarboxylation in multiple, steps and effecting the recovery 45 
of the formed aromatic compound from the reaction solution 
by azeotropic distillation with water. 



Ym- 





-Xn 



(1) 



Ym- 



V 



-Xn 



50 



55 



(wherein X is a halogen atom, Y is a cyano group, nitro 
group, or carboxyl group, Z is a nitrogen-containing 
group represented by — ^N(R^) (R^) (wherein R^ and R^ 
are identical or not identical substitutes superposed on 
a nitrogen atom and selected from among hydrogen 
atom and linear or branched alkyl groups of 1 to 4 
carbon atoms), m is 0, 1, or 2, and n is 1, 2, 3, or 4, 
providing that the sum of m and n falls in the range of 
l^m+n^4.) 



Ym- 



(2) 



(wherein X is a halogen atom, Y is a cyano group, nitro 
group, or carboxyl group, Z is a nitrogen-containing 
group represented by — N(R^) (R^) (wherein R^ and R^ 
are identical or not identical substitutes superposed on 
a nitrogen atom and selected from among hydrogen 
atom and linear or branched alkyl groups of 1 to 4 
carbon atoms), m is 0, 1, or 2, and n is 1, 2, 3, or 4, 
providing that the sum of m and n falls in the-range of 
l^m+n^4.) 




-Xn 



60 



65 



(wherein the symbols have the same meanings as in the 
general formula (1).) 

When 4-amino-2,3,5,6-tetrafluorobenzonitrile of low 
purity is used as a raw material containing an aromatic cyano 
compound represented by the general formula (1), for 
example, the possibility of the reaction vessel being cor- 
roded with hydrogen fluoride will arise. By a study of the 
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React ion I'toccss Ii 



(N CONHj COOII [| 




When the step (8) is passed, the substitution reaction 
65 occurring between the amino group of the target compound, 
2,3,5 ,6-tetrafluoroaniline (F4NH), and the fluorine atom at 
the 4 position of 2-amino-3,4,5,6-tetrafluorobenzonitrile 
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8 



(o-AFBN) forms a compound represented by the following 
formula (3) and, at the same time, by-produces hydrogen 
fluoride. 



CN 




NH2 



When the raw material 4 - a m in o - 2 , 3 , 5 , 6 - 
tetrafluorobenzonitrile (AFBN) passes the step (4) as a 
secondary reaction in the reaction process A, the relevant 
reaction forms a compound represented by the following 
formula (4) mentioned below and, at the same time, 
by-produces hydrogen fluoride. For, the step (4) causes the 
fluorine atom located at the ortho position of the cyano 
group of the raw material AFBN to react with the F4NH 
compound obtained at the step (3) to produce a compound 
represented by the following formula (4) and, at the same 
time, by-produce hydrogen fluoride. The speed of this sec- 
ondary reaction is estimated to be greater in the step (8) than 
in the step (4). To be specific, the corrosion of the reaction 
vessel with the by-produced hydrogen fluoride gains in 
prominence as the impurities in the raw material grow in 
concentration. 




NH2 



Besides the elucidation described above, it has been found 
that when the process of hydrolysis and decarboxylation is 
performed in one step in the presence of an acidic substance 
under the condition using an aqueous sulfuric acid solution 
of a concentration of 80 weight %, for example, the reactions 
of the step (1) and the step (5) proceed much faster than the 
reactions of the step (4) and the step (8) and that the 
reactivity with fluorine atoms is degraded because the amino 
group forms a sulfate under the condition. As a result, the 
secondary production of hydrogen fluoride is repressed and 
the corrosion of the reaction vessel is effectively prevented. 

To continue the explanation, the compound to be formed 
through the steps (4) and (8) in the reaction processes A and 
B mentioned above possibly assumes a structure other than 
the structures of the compounds represented by the formulas 
(3) and (4) mentioned above, depending on the form of the 
substitution reaction. 

The structures depicted at the leading ends of the paths (4) 
and (8) of the reaction processes A and B mentioned above 



are partial structures of the compounds represented by the 
formulas (3) and (4) mentioned above. 

It has been further found that the secondary production of 
hydrogen fluoride is repressed to a greater extent by per- 

(3) 5 forming the aforementioned reactions of hydrolysis and 

decarboxylation as divided in at least two steps using 
different conditions instead of completing them in one step. 
Specifically, in the multiple stages which are divided into a 
former step and a latter step, it is made possible to attain 
10 more effective prevention of the reaction vessel from cor- 
rosion by causing the reaction of 4-amino-2, 3,5,6- 
tetrafluorobenzonitrile (AFBN) to proceed till the conver- 
sion ratio exceeds about 40 mol % and performing this 
reaction under such conditions that the product thereof has 
15 4-amino-2,3,5,6-tetrafluorobenzamide (AFBAm) as a main 
component thereof and consequently enabling the conver- 
sion ratio of 4-amino-2,3,5,6-tetrafluorobenzonitrile 
(AFBN) to exceed 40 mol %, preferably 60 mol %, and more 
preferably 80 mol % while repressing the formation of 
2,3,5, 6-tetrafluoroaniline (F4NH) in the former step (former 
step reactions) and completing the hydrolysis and the decar- 
boxylation in the latter step or thereafter. 

This more effective prevention of the corrosion may be 
logically explained by a postulate that though the conversion 
ratio of 2-amino-3,4,5,6-tetrafluorobenzonitrile (o-AFBN) 
reaches nearly the same level, the chance of contact of 
o-AFBN with the target product, 2,3 ,5, 6-tetrafluoroaniline 
(F4NH), is allayed or the chance of contact of the o-AFBN 
with the raw material, 4-amino-2, 3,5,6- 
tetrafluorobenzo nitrite (AFBN) is allayed, with the result 
that the formation of the compound represented by the 
formula (3) or the formula (4) mentioned above is repressed, 
and at the same time that the formation of hydrogen fluoride 
is repressed. Incidentally, the compound represented by the 
formula (3) or the formula (4) mentioned above is merely 
intended as an example for illustrating the relation between 

(4) the presence of impurities and the occurrence of corrosion. 
This invention is not limited to the presence of this com- 
pound and to the repression of the formation thereof. This 

40 invention will be described in detail below. 

The aromatic cyano compound represented by the general 
formula (1) which is used in this invention is such that in the 
general formula (1), the symbol Z denotes a nitrogen- 
containing group represented by the formula — ^N(R^) (R^) 
(wherein and R^ are identical or not identical substitutes 
superposed on a nitrogen atom and selected from among 
hydrogen atom and linear or branched aUcyl groups of 1 to 
4 carbon atoms). As concrete examples of the nitrogen- 
containing group, amino group, monomethyl amino group, 
dimethyl amino group, monoethyl amino group, diethyl 
amino group, monopropyl amino group, and dipropyl amino 
group may be cited. Among them, the amino group proves 
particularly suitable. The symbol Y denotes a cyano group, 
nitro group, or caraboxyl group, the cyano group being 
55 preferable. The halogen atom denoted by the symbol X is a 
fluorine atom, chlorine atom, or bromine atom, the fluorine 
atom being preferable. In the occurrence of a plurality of 
X's, the atoms denoted thereby may be identical or not 
identical with one another. 
60 As concrete examples of the aromatic cyano compound 
represented by the general formula (1), 4-amino-2,3,5,6- 
tetrahalogenobenzonitrile, 4-monomethylamino-2,3,5,6- 
tetrahalogenobenzonitrile, 4-dimethy lamino-2, 3,5,6- 
tetrahalogenobenzonitrile, 4 -amino - 3,5,6 - 
65 trihalogenophthalonitrile, 4-monomethylamino-3,5,6- 
trihalogenophthalonitrile, and 4-dimethylamino-3,5,6- 
trihalogenophthalonitrile may be cited. Among them. 
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siilliK K at'id IS iisiil p.u tit iilai ly advaiitap.i i mjsIv llu* iiasnii 
Inr this pu Un iKT ol siiltuiK ac id is tliat llu rt activity with 
llii»)riiK' alnms is Inwctrd ami llu' iiaclmns ot tlu' sUp (I) 
and iIk- slcji (S) an- iiiahKd In jM»Kccd faster lliaii tlu' 
rtactinns nl tlu- step (1) and thf ste p (S) iKcaiiM.- tlu.- amino 
^tnup nl tlu- ainmatic (.yann tniiipnniul tnnns a snllatc 

As iIk" u actio ti vi s^st'l in tlu' nit thnd ot pnuliiction att oid 
iiij; to Itiis inviMiti<»n, (hr iratlion vessel which is made ot 
iron oi .siaiiile.ss steel arul is popniarly adopled may he u.sed. 
Wlien (his teae'tion vessel is hahle U^ l)e corroded hy Ihc 
iicidic siihslaiicc or l^y a seconilary proilucl wliicfi occurs in 
Ihc process ol'llie react ii)ii as when snltnric acid is iisetl, lor 
example, tiic use iil a reaction vessel made til '^lassor lined 
with j;lass is coinmeiulahle. Otiierwise, a react iofi vessel 
which is coated with such a corrosion-resistant material as 
lluorocarhon resin may l>e used. In consideration of such 
factors as cost, it is common tt> use a reaction vessel which 
is made of glass or lined with j»lass. 

Hie acidic substance is used together with water of an 
amount enough for the advance of the reactions of hydroly- 
sis and decarboxylation ol the raw materia! aromatic cyano 
compound. The acidic substance so used is preferred to have 
a high concentration. The reason for the high concentration 
of the acidic substance is that even when the raw material {o 
be used has low purity and contains impurities, the target 
product, 2,3,5,6-tetrahalogenoaniline, can be obtained in a 
high yield without inducing corrosion of the reaction vessel. 
The high yield of this product may be logically explained by 
a supposition that when the reactions of hydrolysis and 
decarboxylation are carried out by using an aqueous sulfuric 
acid solution of a comparatively high concentration, for 
example, the cyano group of the impurity, 2-amino-3,4,5,6- 
tetrahalogenobenzonitrile, is hydrolyzed fast, the electron 
attracting property of the cyano group is degraded, and the 
readily displaccablc fluorine atom at the para position rela- 
tive to the cyano group is rendered less susceptible of the 
reaction of substitution. Further, it is inferred that since the 
amino group which incites fluorine atoms to undergo a 
reaction of nucleophilic substitution forms a salt with sul- 
furic acid, the reactivity of nucleophilic substitution mani- 
fested on the fluorine atoms is degraded. Though this 
invention is not restrained by the foregoing theoretical 
consideration, the acidic substance is preferred to be used in 
the form of an aqueous solution. The concentration of the 
acidic substance in this aqueous solution is properly in the 
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65 This invention is characterized by performing the reac- 
tions of hydrolysis and decarboxylation in multiple stages. 
In the method of this invention for the production of the 
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aromatic compound, the reaction for hydrolyzing the CN 
group of the aromatic cyano compound represented by the 
general formula (1) into the COOH group and the reaction 
for decarboxylating the COOH group into the hydrogen 
atom proceed parallelly. The term "reactions of hydrolysis 
and decarboxylation" as used in this invention, therefore, is 
meant to express the hydrolysis and the decarboxylation 
collectively as a series of reactions. The expression that "the 
hydrolysis and the decarboxylation are performed in mul- 
tiple steps," therefore, means to divide the aforementioned 
series of reactions into a former step in which the reactions 
proceed till a certain state and a latter step in which the target 
product is obtained at the end of the reactions. Properly, the 
reaction of hydrolysis is performed to a prescribed extent 
and thereafter, with the product of the hydrolysis left 
unseparated, the reaction of decarboxylation is continued 
under different conditions till the reactions are completed. 
When the reactions of hydrolysis and decarboxylation are 
performed in multiple stages as described above, the target 
product can be obtained in a high yield because the former 
step which is intended to effect partial hydrolysis serves to 
lower the reactivity of the substituent located at the para 
position or the ortho position with the cyano group and 
repress the formation of a secondary product and, particu- 
larly even when the raw material aromatic cyano compound 
contains impurities having halogen atoms as the component, 
Z, and prevent the reaction vessel from being corroded 
owing to the secondary production of hydrogen halogenide, 
and the latter step serves to complete the reactions. 

The reactions of hydrolysis and decarboxylation in this 
invention are initiated by adding the raw material aromatic 
cyano compound to the reaction vessel. The reaction vessel 
may be charged preparatorily with the aqueous solution of 
the acidic substance as described above. The raw material 
may be added to the reaction vessel all at once, sequentially, 
or continuously. For this invention,the sequential addition of 
the raw material proves favorable in respect that it enables 
the selectivity of the reaction to be heightened and prevents 
the reaction vessel from being corroded. When the raw 
material is in a solid state, it may be fed to the reaction vessel 
in its unmodified form, or after being pulverized into a 
powdery state, or after being heated to a temperature higher 
than the melting point and consequently reduced to a molten 
state. 

The temperature of the reactions of hydrolysis and decar- 
boxylation is generally in the range of 50 to 180** C, 
preferably in the range of 60 to 160® C, and more preferably 
in the range of 70 to 140® C. under normal pressure. The 
pressure may be normal pressure, reduced pressure, or 
increased pressure, whichever fits the occasion best. 
Generally, the reactions are carried out under normal pres- 
sure or reduced pressure. 

In this invention, the former step reactions are so per- 
formed that the conversion ratio of the raw material aromatic 
cyano compound reaches a level of not lower than 40 mol %, 
preferably not lower than 60 mol %, and more preferably not 
lower than 80 mol % and they are terminated under such 
conditions that the amount of the final product (the target 
product, which is the aromatic compound represented by the 
general formula (2)) to be formed is not more than 80 mol 
%, preferably not more than 70 mol %, and more preferably 
not more than 60 mol %, based on the raw material aromatic 
cyano compound. In other words, the reaction mixture 
obtained at the end of such former step reactions are enabled 
to contain an amide compound as the main component. 
Then, for the latter step reactions, the reaction conditions are 
so selected that the reaction of carboxylation and decarboxy- 
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lation of the amide group or the reaction of decarboxylation 
of the carboxyl group proceeds efficiently until completion. 

The reaction conditions which fulfill the conversion ratio 
and the amount of formation mentioned above, specifically 
with respect to the reaction temperature and the concentra- 
tion of the acidic substance in the aqueous solution may be 
properly selected from the aforementioned ranges of reac- 
tion temperature and concentration of aqueous solution with 
respect to the contents of the reactions mentioned above. As 
the conditions of the- former step reactions, the concentra- 
tion of the acidic substance in the aqueous solution, more 
specifically the concentration of sulfuric acid, to be used is 
properly in the range of 80 to 98 weight %, preferably in the 
range of 82 to 96 weight %, and particularly in the range of 
84 to 94 weight %. As the conditions of the latter step 
reactions, the concentration of the acidic substance is low- 
ered by adding water to the reaction system to a level in the 
range of 50 to 95 weight %, preferably in the range of 60 to 
90 weight %, and particularly in the range of 65 to 85 weight 
%. Specifically, the concentration of the acidic substance in 
the latter step is lowered from the concentration of the acidic 
substance in the former step by a margin in the range of 5 
to 50 weight %, preferably in the range of 10 to 30 weight 
%. Otherwise, the reaction temperature is elevated from that 
of the former step by a margin in the range of 5 to 50** C, 
and preferably in the range of 10 to 40** C. As a result, the 
formation of the aromatic compound as the final product is 
repressed and the reaction of the raw material aromatic 
cyano compound is promoted by the former step reactions 
and the reaction of carboxylation and decarboxylation or the 
reaction of decaraboxylation is expedited and completed fast 
by the latter step reactions. In this respect, the method for the 
production of the aromatic compound is characterized by 
performing the reactions while varying the conditions of 
lowering the concentration of the acidic substance and/or 
raising the reaction temperature in the former step and the 
latter step in the multiple steps. 

This invention is particularly effective when the raw 
material to be used contains as an impurity a compound 
having the nitrogen-containing group present in the aromatic 
cyano compound located at a different position. To be 
specific, the possibility of the aforementioned reactions 
by-producing the hydrogen halogenide is high when 
4-amino-2,3,5,6-tetrahalogenobenzonitrile is used as the 
aromatic cyano compound and it contains as an impurity 
2-amino-3,4,5,6-tetrahalogenobenzonitrile (o-AFBN), for 
example. By this invention, it is made possible to repress the 
secondary production of the hydrogen halogenide and pre- 
clude the occurrence of such problems as corrosion. 

When 4-amino-2,3,5,6-tetrafluorobenzonitrile is used, for 
example, as the raw material, the conventional method 
necessitates a process for preparatorily purifying this raw 
material by such a treatment as recrystallization. By this 
invention, however, it is made possible to obtain the target 
product in a high yield without requiring such a process of 
purification. The 4-amino-2,3,5,6-tetrafluorobenzonitrile 
can be produced, for example, by causing this compound to 
form a diphasic state by the use of water and an organic 
solvent capable of forming a dibasic state with water and 
allowing the pentafluorobenzonitrile in the dibasic state to 
react with ammonia. The reaction temperature in this case is 
generally not higher than 70** C. As typical examples of the 
organic solvent, aliphatic acid esters, ketones, and benzoni- 
triles may be cited. Thus, this invention enables the target 
product, i.e. the aromatic compound represented by the 
general formula (2), efficiently in a high yield even when the 
4-amino-2,3,5,6-tetrafluorobenzonitrile containing the 
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Now. this iiivi nlinii will l>i ilrsi iilu il lu |t»w willi n lri 
I IK I to llu npi ialioii 1)1 |iiiuliK 111^'. ti II .illiioioaiiilitu 

hv USUI)' 1 .iiiiirio .\ ^.S/) U li alliioinlu ii/i mill ilr as llir lavv 
liiaU iial atiil siilliiiu' ai ul as llu- ai ulu suhsl.iiui-. .mi 

III this iiivi iil mn. llu- iiaclions ol hydinlvsis and (kcai 
hnxvl.iihui au j'.iiKially tullilkil hy Ircdini' llu- aiiiiioiis 
st)hilu>ii «»l sulhiiK" at. ul to the u iuluui vissi l ni.uir nl j'Jass 
(»i Inuil with ^'.lass aiul adiinu'. tlu iilt* 1 amino ?,'^,'^,U- 
Ic'liatliioiolu'ii/onitrili' as the taw malt i i.il. 11 le law malc iial .'s 
may Ih' aiKlril (o the leaclion vessel all al oiui , or 
seijuenl iaily, <»i eoni iniiously I lie setjueiilial aiUliltoii (»t llu 
raw maleiial, howevei, pioves (avoialile bcciiisi.' il ^'.ives 
Iji^h seleclivily ol tlu leaelinn anil |Mevents the leaetion 
vessel lioni coiinsion When the raw material is aiUleil ti> 
sctpienlially, llie speed ol this addition may lie ptopeily 
selected. I'avnrahly, this addition is made at a rale in llie 
ran>;e ol (I.I In 2(1 wei^^hl parts and (irelerahly in the ran^»e 
of 1 to 10 weight parts per liour, hased on 1(K) weight parls 
of the :u|iicous soliilion ot siiHuric aciit. The addition ot the. 
raw material, 4-aniiiU)-2,.^,5,6-lclralluon>!Kn/.<)nilriIc, is 
preferred to he completed prior to the termination ol' the 
former step reactions. 

llie sulfuric acid is used in an amount enough for per- 
mitting smooth advance of Ihc reactions t>f hydrolysis and 40 
decarboxylation of 4-amino-2,3,5/)-tetralluorobcn/onilriIc 
together with water, (icnerally, it is used as an aqueous 
sulfuric acid solution. The concentration of sulfuric acid in 
the aqueous sulfuric acid solution is in the range of 80 to 98 
weight %, preferably in the range tif 82 to 96 weight %, and 4S 
more preferably in the range of 84 to 94 weight %. 

Ihc temperature of the reactions of hydrolysis and decar- 
boxylation under normal pressure is generally in the range of 
50 to 180° C, preferably in the range of 60 to 160° C, and 
more preferably in the range of 70 to 140** C. 50 

llie former step reactions arc performed till the conver- 
sion ratio of 4-amino-2,3»5,6-tctralluorobcnzonilrilc reaches 
a level of not lower than 40 mol %, preferably not lower than 
60 mol %, and more preferably not lower than 80 mol % and 
are terminated when the amount of 2,3.5,6-tetrafluoroaniline 55 
formed in the reaction solution is not more than 80 mol %, 
preferably not more than 70 mol %, and more preferably not 
more than 60 mol %, based on the amount of 4-amino-23, 
5,6-tetrafluorobenzonitrile as the raw material. 

Subsequently, the latter step of the process comprises 60 
adding water to the reaction mixture formed after comple- 
tion of the former step reactions thereby diluting the initially 
charged aqueous sulfuric acid solution to a concentration in 
the range of 50 to 95 weight %, preferably in the range of 
60 to 90 weight %, and more preferably in the range of 65 65 
to 85 weight % and continuing the reactions on the resultant 
diluted reaction mixture. 
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I /II < . pK l< i.iMv in Ihe lanre ol Ml |,. | -.<!' ( . .nid iihrn 
)ii« h i.iMn in tilt i.ini'e ol 70 to ] M)" ( .mil pt ih»iiiMii): lli« 
l.illi I slip li.iiliDtis ,i( :i liii'ju I II inpi I .ihirt ill. in hit flit 
lornitr slip n.u lions, spreiruMllv al .i le i n pi i it in i in llu 
i.iiirt ol (.(I lo ISO ( . pieleiahlv in llu i.nir.i ol /( ) in lf.0" 
( . .mil moil pii h lahlv m the i.mj'.i o| .SO Id I |() ( 

llu loiiru i sli p le.u luMis an pi itomud with ihi inn 
(. I ntr.ilion ol llu .u ulu .u id. spei, iliealU tlu' i. oiu i nil .il ioit « t| 
siilliiiii at id. h\ed al a level in the i.nii'.e ol SO lo '>.S \m iphi 
' t , pii II i,ild\ m llie I inj'.e of 8 ' lo 'U) weirlil ' < , .ind imui 
pie II I .i1 >1n m t he i ,inp,e ol 8 1 to W 1 wt irhl ' t a nil llu n .u lion 
lempii.ilnii .d .i level in llu i.mj'.e ol '>( ) to \ /U" 
pieleiai>l\ in llu iaii)'.e ol (A) lo I SO" ( ' , .tnd iiioii pieleiahly 
ill the i.iii)'.t ol 70 to [ M)" (' Sitlisequeiitlv llie lallei step 
K ailinns aie peitniiiu-d with the i.-nncenti atinii nl the ai idu' 
siibslaiK'e, spei ifu ally the c niK'eiili ation nrsiillniu ai id, 
iintiallv led to llu leaelion vi ssi I lowerid hv diliilion In a 
K vel in Ihe i .m>'.e o( SO to 9S wei^'.ht ' f , pielej.ihlv ^fO to *>(► 
weij'.hl ' 'f \\U)iv pieleiahly in tlu ranj.'.e ol f)S to SS wei^»ht 
with a maip.iii in the range nl S to .SO weip.ht pii lt iahlv 
ill Ihe iaM>»e nl 10 In 30 weight */t and Ihe leaclinn lernpeia 
line ini-'riased In a level in the range nl SS in ISO" <*, 
pieleiahly in the langenf 70ln 160" ( ', ami innie pieleiably 
ill Ihe lange ol SO lo MO" ( ', with a niaigin in the laiiy.e ol 
S In SO" ( .. pielerably in Ihe range of 10 to 10" ( As Ihe 
staiiilaids !oi the cninplelinn nl Ihe fnimei step fcaclinns, llie 
ennveisinn ralin nl 4-aniiiin-2,3,.S,6-telralluinhen/.nnilril is 
not less than 40 mol % and Ihe amnuni of fnrinalion of 
2,3,S,6-lelr:dlunroaiiiHne is not more than 80 innl Vf. Tlie 
2,3..S,6-telranunroaniline which is consequently nl>taineti 
can be recnvereil and turned intt» a finished product by 
Inllnwing the ordinary procedure. 

The .seconil aspect of ttiis invention is the inetluKi Inr Ihe 
production of an aromatic compounil, characteri/cil by 
forming an aromatic compound represented by the general 
formula (2) by hydroly/.ing and decarl)oxylating an aromatic 
cyano compound represented by the general formula (I) in 
the presence of an aqueous medium and subsequently recov- 
ering the obtained aromatic compound from the reaction 
solution by azeotropic distillation with water. 




z 



(wherein X is a halogen atom, Y is a cyano group, nilro 
group, or carboxyl group, Z is a nitrogen-containing 
group represented by — N(R^) (R^) (wherein and R^ 
are identical or not identical substitutes superposed on 
a nitrogen atom and selected from among hydrogen 
atom and linear or branched alkyl groups of 1 to 4 
carbon atoms), m is 0, 1, or 2, and n is 1, 2, 3, or 4, 
providing that the sum of m and n falls in the range of 
l^m+n^4.) 



us 6,521,794 B2 



15 



16 



(2) 




-Xn 



15 



25 



30 



35 



(wherein the symbols have the same meanings as in the 
general formula (1).) 

The compound mentioned above is the same as that of the 
first aspect of this invention. 

The second invention described above is characterized by 
hydrolyzing and decarboxylating the aromatic cyano com- 
pound in the presence of an aqueous medium. When the 
reactions are performed by using as the aqueous medium, 
the aqueous solution of an acidic substance such as, for 
example, sulfuric acid, and fixing the concentration of the 
acidic substance at a level of 80 weight %, the reactivity with 
fluorine atoms is degraded and the secondary production of 20 
hydrogen fluoride is repressed because the reactions of the 
step (1) and the step (5) proceed much faster than the 
reactions of the step (4) and the step (8) and the amino group 
forms a sulfate as described already in the first invention. 
When the aqueous medium is an alkaline substance, the 
target compound can be produced even with the alkaline 
substance. Further, by azeotropically distilling the reaction 
solution, the target compound can be produced in a high 
yield without inducing corrosion of the reaction vessel. 
Thus, the second aspect of this invention is enabled to 
produce the aromatic compound in a high yield by recov- 
ering the target compound formed in the presence of the 
aqueous medium by azeotropic distillation with water from 
the reaction solution, no matter whether the hydrolysis and 
the decarboxylation are effected in one step or the reactions 
of hydrolysis decarboxylation are effected in multiple steps, 
i.e. in at least not less than two steps using different reaction 
conditions. 

The aqueous medium for use in this invention is only 
required to be capable of dissolving the raw material com- 
pound and may be an acidic substance or an alkaline 
substance. It may contain other compounds, alcohols, and 
aprotic polar solvents, for example. 

As the aqueous medium, the acidic substance used for the 
first aspect of this invention may be used. As typical 
examples of the aqueous medium, inorganic acids such as 
sulfuric acid, hydrochloric acid, and nitric acid and organic 
acids such as acetic acid, propionic acid, and butyric acid 
may be cited. Among them, sulfuric acid is used particularly 
advantageously. First, when the aqueous medium contain an 
acidic substance, the concentration of the acidic substance in 
the aqueous medium is in the range of 80 to 98 weight %, 
preferably in the range of 82 to 96 weight %. The expression 
"concentration of the acidic substance contained in the 
aqueous medium" as used herein means the concentration of 
the acidic substance existing during the charging of the 
reaction vessel or during the process of the reaction. 

Now, this invention will be described below with refer- 
ence to one example thereof, i.e. the procedure wherein the 
aqueous medium is an acidic substance, sulfuric acid is used 
as the acidic substance, and 4-amin-2, 3,5,6- 
tetrafluorobenzonitrile is used as the raw material com- 
pound. 

This invention can be extensively applied to reaction 
solutions which contain aromatic compounds of the general 
formula (2) formed by hydrolyzing and decarboxylating 
aromatic cyano compounds represented by the general for- 
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mula (1) under the condition having sulfuric acid containing 
at a concentration in the range of 80 to 98 weight %. 

When the reactions use sulfuric acid, the reaction vessel 
in popular use which is made of glass or lined with glass is 
adopted. A reaction vessel which is coated as with a fluo- 
rocarbon resin may be used instead. 

The reaction vessel is preparatorily charged with an 
aqueous sulfuric acid solution containing sulfuric acid at a 
concentration in the range of 80 to 98 weight %, preferably 
in the range of 82 to 96 weight %, and more preferably in 
the range of 84 to 94 weight %. If the concentration of the 
aqueous sulfuric acid solution to be used falls short of 80 
weight %, the shortage will be at a disadvantage in not only 
degrading the reaction speed but also inducing corrosion of 
the reaction vessel. If it exceeds 98 weight %, the excess will 
be at a disadvantage in decreasing the speed of the formation 
of 4-amino-2,3,5,6-tetrafluorobenzoic acid which is the pre- 
cursor of 2,3,5, 6-tetrafluoroaniIine and consequently lower- 
ing the speed of the formation of 2,3,5 ,6-tetrafluoroamline. 

The reaction temperature is in the range of 50 to 180° C, 
preferably in the range of 60 to 170° C, and more preferably 
in the range of 70 to 160° C. If this temperature falls short 
of 50° C, the shortage will be at a disadvantage in lowering 
the speed of the reaction. Conversely, if the temperature 
exceeds 180° C, the excess will be at a disadvantage in 
lowering the selectivity of the reaction. 

The reactions of hydrolysis and decarboxylation are gen- 
erally carried out by charging the reaction vessel with the 
aqueous sulfuric acid solution and adding thereto the raw 
material, i.e. 4-amino-2,3,5,6-tetrafluorobenzonitrile. The 
addition of the raw material may be made all at once or 
sequentially. The sequential addition of the raw material is 
favorable because the reactions enjoy high selectivity and 
the reaction vessel is prevented from corrosion. When the 
raw material is sequentially added, the speed of the addition 
may be properly selected. Favorably, this addition is made at 
a rate in the range of 0.1 to 20 weight parts, preferably in the 
range of 1 to 10 weight parts, per hour based on 100 weight 
parts of the charged aqueous sulfuric acid solution. 

The expression "forming an aromatic compound repre- 
sented by the general formula (2) by hydrolyzing and 
decarboxylating an aromatic cyano compound represented 
by the general formula (1) in the presence of an aqueous 
medium and subsequently" as used herein means that the 
molar ratio of the aromatic compound formed in the reaction 
vessel is not less than 85 mol %, preferably 90 mol %, and 
particularly preferably 95 mol %, based on the initial amount 
of the aromatic cyano compound represented by the formula 
(1). If the molar ratio falls short of 85 mol %,the shortage 
will be at a disadvantage in inducing the reaction vessel 
made of glass to sustain corrosion. After the aromatic 
compound represented by the general formula (2) has been 
formed, the product can be distilled with water azeotropi- 
cally. 

Favorably, the concentration of the acid substance in the 
aqueous medium prior to the azeotropic distillation is 
adjusted, as occasion demands, to a level falling short of 58 
weight %, further to not more than 50 weight %, and further 
to not more than 40 weight %. Specifically, the adjustment 
of the concentration to the range mentioned above is favor- 
ably attained by using water. 

When the aqueous medium is an alkaline substance, it 
sufi&ces to have the concentration of the alkaline substance 
in the aqueous medium adjusted to a level within the range 
mentioned above. The adjustment of the concentration to the 
range mentioned above may be attained by incorporating 
into the aqueous medium a dilute acidic substance or alka- 
line substance in an amount enough for the adjustment. 
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\v;iU-| ts I iiV(ii.il>l V :iiliipU il As llu- j(|iu i)iis nu ditini, w.iti 1 
«ii :i iMixtiiu i>l w;iU 1 Willi jii »)fj'.;iMU sulvi ill Miisi ihU wiMi 
\v;iU 1 Ml. IV In used I lir iisi til \v;iU i ;»s llu' jt|iu-t)us MUtliiiiM 
pi(»vt s I tnKunii. ;d .iiid atlv.iiil.ij'i nus in tlit st iist- ll);il llu 
a/inljopK' dislill.Hinii tan l>i ptilntiiud iindti a l:ivt>r.ihk 
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IIk aiiioiiiil ol ihv wakr li» Ih iisitl loi IIk ini.xiM); 
Muntmiitd aintvf is in llir laiij'.f c»| 0 1 li» 10 wii^lil pails, 
pu It lahly II) llu" lan^'.f ol i\ In S wt i^'.lil parts, and more 
pu Ic iahly in tlif lanp.f dI 0 \ to \ \K\ iy,]]\ pails, hascd »»ii one 
vveijj^lil pail <»! llu- iiat^lion soliilmii (K-Mfially, IIk" walci is 
prx pai ah till y pLurd in a luttss.MV aiiUMinl cnllcclivL-ly in a 
scparak' uactitin vtsst, ! Alk'i llu- a/f( )ln>pic dislillation has 
hcL-n starlctl, the distillair is divided inin water and 2,/^,S, 
O-letralliioioaiiiliiie aiul the vvalei expelled hy this distilla- 
tion is eifciihitcd It) the reaclioii sohilion. 

I'lie a/e()ln)pie' dislillalttHi is carried onl with Ihc Icm- 
pcratiire of llic (hslillalc in Ihe reaelioii vessel ((tie so-ciilled 
ii/cotropic tcMiiKnitiirc) fixed :il a level in (lie ran^e oI KO lo 
l.Scr ( prelerahly in the rani^e ol lo IM^C. Ilu>iij»li llie 
pressure profKr for this dislilhilioii itinys be either nornwH 
pressure or reduced pressure, Ihe normal pressure proves 
more tavoruhle. 

Ilie a/.eotropic distillation performed as described alx)ve 
can be likewise applied to the reaction solution which is 
obtained in and after the latter step of the process of the first 
aspect of this invention. 

Now, this invention will be described below with refer- 
ence to one example theret)f, i.e. the procedure wherein the 
aqueous medium contains an alkaline substance, 4-amino- 
2,3,5,6-tetranuorobenzonitrile is used as the aromatic cyano 
compound represented by the general formula (1), and 
2,3,5,6-tetrafluoroaniline is produced as the aromatic com- 
pound represented by the general formula (2). 

Iliis invention concerns a process which comprises a step 
of hydrolyzing 4-amino-2,3,5,6-tetrafluorobenzonitrile 
under a condition containing an alkaline substance as the 
aqueous medium thereby obtaining 4-amino-2, 3,5,6- 
tetrafluorobcn/oic acid and/or a salt thereof (such as, for 
example, a sodium salt when the alkaline substance is 
sodium hydroxide) (hereinafter, indicated as 4-amino-2,3,5. 
6-tetrafluorobcnzoic acid (salt)), a step of decarboxylating 
the compound by the reaction of decarboxylation, and 
finally a step of recovering the formed 2,3,5,6- 
tetrafluoroaniline by azeotropic distillation with water. 

The alkaline substance to be used in the step for hydroly- 
sis mentioned above does not need to be particularly dis- 
criminated but is only required to be capable of hydrolyzing 
4-amino-2,3,5,6-tetrafiuorobenzonitrile and consequently 
forming 4-amino-2,3,5,6-tetrafluorobenzoic acid (salt). 
Alkali metal salts, alkaline earth metal salts, and amines, for 
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l ilt anit)iiMl ol llu alkaliiu siihstaikt- lo bt list tl is ni llu 
laiii't ttl i) I lo wi ip.lil parts, pieteiahlv 111 llu kim^m til O \ 
Ml It) 10 vvt ij'.hl parts, and iiu»rt pit U lalily in llu r.m^'.i ol (I S 
lo S wt iv.hl parts, based on oiu weirjil ji.nl td the raw 
iiiatiii.d, 1 .iiiMiio .\ ^,S/) kir.dlnoiohen/oiiJlr rlt II the 
aniourit td llu alkaliiu- suhst.iiue In be iisetl is exeessive, Ihe 
e xeess will he .il .1 ilis.idvaiila^H 111 iiuiiU Mi^', the 1 aw inalei lal 

.'s lo iindei^'.o a le.ution loi lialo^nn suhstituliori and loweirn^' 
llie St lei ljvil V ol the leaehons H ihe anion 11 1 is unt Inly small. 
Ihe sluiilaf.H will be at a tlisadvanla^e in pievenlin^'. Ihe 
leactions lioin pioeeedin^', snituilhly 

Ihe leac'lion ol hydrolysis is prttpetly carnetl tMil in an 
M) ii(|ueous rnediinii. As the atpieoiis niediiini. watei may be 
used alone 01 in combination with a .stdvenl iiii.scibte with 
water As the .solvent of this natutc, alcohols, aprolic polar 
stilvenis, ketones, and esters can be used. As concrete 
examples of the alcohols, methanol, elhanol, n-|)ropaiiol, 

.«s isijpropanol, ethylene glycol, and propylene glycol may be 
cited. As concrete examples of ketones, acetone, ineltiyl- 
ethyl ketone, and methyl isobutyl ketone may be cited. As 
concrete examples of esters, acetic esters .such as ethyl 
acetate, propyl acetate, and butyl acetate may be cited. As 

40 concrete examples of aprotic polar solvents, dimethyl Ibr- 
mamiile (DMI*). dimethyl sulfoxide (DMSO), and n-methyl 
pyrrol idone may be cited. 

The amount of the aqueous medium to lie u.sed is in the 
range of 1 to 50 weight parts, preferably in the range of 2 io 

4.S 30 weight parts, and more preferably in the range of 3 tt) 10 
weight parts, based on one weight part of the raw material, 
4-amino-2,3,5,6-tetralluorobenzonitrile. If this amount is 
unduly large, the excess will be at a disadvantage in degrad- 
ing the productivity of the target compound. If the amount 

so is unduly small, the shortage will be at a disadvantage in 
preventing the reactions from advancing smoothly. 

The reaction temperature is in the range of 20 to 200° C\, 
preferably in the range of 30 to 150° C, and more preferably 
in the range of 40 to 100° C:. if the reaction temperature is 

55 excessively high, the excess will be at a di.sadvanlagc in 
increasing secondary products due to the reaction of halogen 
substitution of the raw material and consequently lowering 
the selectivity of the target compound. Conversely, if the 
reaction temperature is excessively low, the shortage will 

60 beat a disadvantage in preventing the reactions from advanc- 
ing at an economically sufiBcient speed. 

The present process, because of the use of an alkaline 
substance, conspicuously allays the corrosion of the reaction 
vessel as compared with the conventional process which 

65 uses an acidic substance. 

Now, the step of decarboxylaion will be explained below. 
This is the step of performing the reaction of decarboxyla- 
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tion of the 4-amino-23,5,6-tetrafluorobenzoic acid (salt) 
formed by the reaction of hydrolysis. 

The reaction of decarboxylation may be attained by 
directly heating the aqueous medium containing the 
4-amino-2,3,5,6"tetraflurobenzoic acid (salt) formed by the 
reaction of hydrolysis. It may be otherwise fulfilled by 
adding for the reactions an alkaline substance different from 
the alkaline substance used at the step of hydrolysis. As 
concrete examples of the alkaline substance proper for the 
addition, those alkaline substances enumerated above may 
be cited. Among other alkaline substances mentioned above, 
the alkaline earth metal salts prove advantageous because 
they allow the reactions to proceed more smoothly and 
prevent the reaction vessel from being corroded with the 
fluorine ions formed by the secondary reaction involved in 
the step of decarboxylation. The amount of the alkaline earth 
metal salt to be used is in the range of 0.01 to 2 weight parts, 
preferably in the range of 0.02 to 1 weight part, and more 
preferably in the range of 0.03 to 0.5 weight part, based on 
one weight part of the 4-amino-2,3,5,6-tetrafluorobenzoic 
acid (salt). If the amount so used is unduly large, the excess 
will be at a disadvantage in increasing the secondary pro- 
duces due to the reaction of halogen substitution of the raw 
material and consequently lowering the selectivity of the 
target compound. Conversely, if this amount is unduly small, 
the shortage will be at a disadvantage in precluding fulfill- 
ment of the effect mentioned above. 

The decarboxylation may be effected after the alkaline 
substance existing in the aqueous medium has been partially 
or completely neutralized by the addition of an acidic 
substance to the aqueous medium. 

The acidic substance mentioned above may be either an 
inorganic acid or an organic acid. As concrete examples of 
the inorganic acid, hydrochloric acid, sulfuric acid, and 
nitric acid may be cited. As concrete examples of the organic 
acid, formic acid, acetic acid, propionic acid, and butyric 
acid may be cited. By reason of economy, sulfuric acid is 
used particularly favorably among them. The amount of the 
acidic substance to be used is in the range of 0.1 to 2 
equivalents, preferably in the range of 0.3 to 1.5 equivalents, 
and more preferably in the range of 0.5 to 1 equivalent, 
based on the weight of the alkaline substance. If this amount 
is unduly small, the shortage will be at a disadvantage in 
preventing the target compound from being obtained at a 
sufficiently high speed of reaction, conversely, if the amount 
is unduly large, the excess will be at a disadvantage in 
compelling the reaction of decarboxylation to proceed under 
an acidic condition, increasing the secondary products due 
to the reaction of halogen substitution of the raw material, 
and consequently inducing corrosion of the reaction vessel 
due to the generation of hydrogen fluoride. 

The reaction of decarboxylation may be performed under 
either normal pressure or increased pressure. Favorably, it is 
carried out under increased pressure such as, for example, a 
pressure in the approximate range of 0.1 to 5 MPa because 
the reactions proceed more smoothly under the increased 
pressure* When the reactions are performed under the 
increased pressure, they may be effected by using a pressure- 
resistant reaction vessel and keeping a closed system therein 
by accumulating a gas in the reaction vessel. The reactions 
may be otherwise carried out by partially extracting from the 
reaction vessel the gas having as its main component the 
carbon dioxide gas generated by the reactions thereby keep- 
ing the pressure in the reaction vessel at a flxed level. 

The reaction temperature is in the range of 30 to 200** C, 
preferably in the range of 50 to 180** C, and more preferably 
in the range of 70 to 160** C. If the reaction temperature is 
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unduly high, the excess will be at a disadvantage in increas- 
ing the secondary products due to the reaction of halogen 
substitution of the raw material and consequently entailing 
such problems as corrosion of the reaction vessel due to the 
generation of hydrogen fluoride. Conversely, if the reaction 
temperature is unduly low, the shortage will be at a disad- 
vantage in preventing the reactions from proceeding 
smoothly. 

The step of hydrolysis and the step of decarboxylation 
mentioned above may be performed in one and the same 
reaction vessel or indifferent reaction vessel. As the reaction 
vessel, the reaction vessel in common use which is made of 
carbon steel or stainless steel may be used. 

The molar ratio of the aromatic compound to be formed 
in the reaction vessel engaging in azeotropic distillation, 
similarly to the reactions using an aqueous solution as an 
acidic substance, means that the molar ratio of the aromatic 
compound of the general formula (2) to be formed reaches 
a level of not less than 85 mol %, preferably 90 mol %, and 
more preferably 95 mol %, based on the initial amount of the 
aromatic cyano compound represented by the formula (1). 
The step of azeotropic distillation is the same as when the 
acidic substance is used. 

The third aspect of this invention is in the production of 
an aromatic compound represented by the general formula 
(2) by hydrolyzing and decarboxylating an aromatic cyano 
compound represented by the general formula (1) in the 
presence of an acidic substance, a method for the production 
of the aromatic compound, characterized by performing the 
hydrolysis and decarboxylation in multiple steps and efi'ect- 
ing the recovery of the formed aromatic compound from the 
reaction solution by azeotropic distillation with water. 
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Ym- 



CN 



(1) 




-Xn 



(wherein X is a halogen atom, Y is a cyano group, nitro 
group, or carboxyl group, Z is a nitrogen-containing 
group represented by — N(R^) (R^) (wherein and R^ 
are identical or not identical substitutes superposed on 
a nitrogen atom and selected from among hydrogen 
atom and linear or branched alkyl groups of 1 to 4 
carbon atoms), m is 0, 1, or 2, and n is 1, 2, 3, or 4, 
providing that the sum of m and n falls in the range of 
l^m+n^4.) 



Ym- 



(2) 




•Xn 



(wherein the symbols have the same meanings as in the 

general formula (1).) 
The third invention is directed to a process which com- 
prises hydrolyzing and decarboxylating the aromatic cyano 
65 compound represented by the general formula (1) in mul- 
tiple steps including a former step and a latter step using 
different reaction conditions in the presence of the acidic 
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liVihtitvMs :iiiil (li t .iihnxvl.ili'Ui til miiltipli sti |>s iik liuliti)' .i 
toiiiu i sti |> ;iiul .1 IjIU I sU j> iisiti)'. Jilli u nl u .k Ikmi (.4iii(Ii 
linns" III llu sanu iis lliosi whu li li.ivi In i ii mvi ii *! in llu 
lou )'.( ml)', ill si. r iplmn ol llu* Ins! .'is|H i l ol tin- niVi iitiiin In 
llu- piisiiit invention, llu rnolai i ilio <il llu .iiorii,i(K ioin 
ptniiul ol llu- loinuil;! (."*) loinud in llu u .i(.li»>n vi vsri is nol 
K ss ih.in MS inol . pKlciahlv 'M) niol 'T, jiu! iiiou 
pn. k i.ihly niol 'f, l>;isc(l on Mr iinli:il anioiiiit ol llu 
aioinalu' c y<nio i-ompounil t cpu-st riU il l>y llit toinnil.i (1)11 
(Ins inol,n r.ilio tails shoil ^^\ SS inol ' f , \\k slioilay-.i' will In- 
at a disatlvanl.i^»,r in iiuliK'in).', llu- k'.kIioii vi sm I ol ).'.l,iss 
nscil tor iIk h. actions ol liytln>lysis aiut ikc aiboxylal i«ni oi 
in IIk' sU p nl a/\-otio{>y to sustain I'oiiosion. 1 lu' (.ondil inns 
loi a/coliopically iltslillin).^ tlic luinu-d aroni.itic cotiipnuiKl 
aic llic s.iint' as (Iiom- whi(.li arc coviicil hy ihc riMi'j.',oiii^'. 
<lcsciiplion ol llic sconul aspect ol Ilk invcrilioii. 

i:XAMINAil()NS 

N(»w, this iiivciilinii will l>c ilcstribctl iiuuc spccilically 
will) rct'crcncc to working examples adduced liereirial'ler for 
illu.stnilioii. 

kercrciiljal i-xaniple 1 
Synlliesis of 4-aniino-2»3..S,6-!clraniiorol')en/onilrilc 

A 500 ml !V)iir-iicck llask prt)vitlcd with a stirrer, a 
lhernK)ineler, and a ciK)ling lube was charged with 7.S g (38*^ 
mmols) of pentalluoroben/onilrile, 225 nd ol n-pri)pyl 
acetate, 79.5 g of an aqueous 25Vf> ammonia solution ( 1 .165 
mols as ammonia), and 0.375 g of tetrabutyi ammonium 
bromide. I'he contents of the reaction vessel were left 
reacting at 25° C. for one hour and further reacting at 50° (\ 
for live hours. When the reaction solution obtained after 
completion of the reaction was analyzed by gas 
chromatography, the conversion ratio of pentafluoroben- 
zonitrilc was found to be 1(X)% and the yield of the target 
component, 4-amino-2,3,5,6-tetranuoroben/.onitrilc to be 
94%. 

'Ilic n-propyl acetate layer containing 4-amino-2,3,5,6- 
tetrailuorobcn/onitrile was separated and washed twice with 
100 g of an aqueous 10 weight % sodiunti sulfate solution to 
remove the ammonium fluoride contained in the layer. 
Subsequently, the n-propyl acetate layer was heated to expel 
the n-propyl acetate by distillation and obtain 73.5 g of 
4-amino-2,3,5,6-tetrafluorobenzonitrile (purity 94%) (yield 
93.6%). The product contained 4.5 g (6%) of 2-amino-3,4, 
5,6-tetrafluorobenzonitrile as an impurity. 

EXAMPLE 1 
(Former Step Reactions) 

A 200 ml four-neck flask made of glass and provided with 
a stirrer, a thermometer, and a cooling tube was charged with 
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Will 11 till u .t«.liiHi soliilion w.is s.'iinpKtl ,iiiil .iti.iK/id lt\ 
li(|iii(l I hioMi.ilori .tpli V. iIk ion Si' I sk mi i.ilio ol I .iimiio *, 
V'.'' U 1 1 .1 li ii» »ii «lu n/onili 1 II W.IS KM) ninl ' » ,iiui llu pio«! 
tu ts loiiiKii III the u .11 tioii soliitjoii Wi ll loiiiul |o Ih as 
lollows 

I Aiinno-.WS.(> ictialliioiobi n/ainiiU f>'> iiiol '/ 
•I Aniino-2, ^,5/» tclialliioiobi ii/itK- id 10 inol ' i 
■\^/^.(^ rLlralliioio.inilinr nit>l ' t 
(t alli I Sl(. p K(.actions) 
')> hv atklini; 22 i\ ol \val(.i to llu.- k.kIiom solution iiii n 
lioiiid ,ilu)VL', the (.oik cnl rat ion of llu .upu ( ms sii 1 1 iii u a*, id 
s(tliilioii was adjusti tl lo <S() \vL i).»lit '7 and llii' ii ai. lion was 
(. onl nuK cl lor I S iioms I'hc c (MUH ntt .it u >n ol sii II in u at ui in 
tlii' ii-.Klion vessel din ing the lallei step U',k lions was HO 

.'s wei^'.lil 'v When the leaelion soliilion olitaiiu tl al tei (.-oinple 
tioii ol the reaction was sampled and analv/<d by li<|iiid 
(. hionialoj:.! aphy. Ihe yieUI ol 2, A,S,(i-teli allnoKianiline was 
linnul to he inol '/,■. 
(Step ol A/eolrttpy) 
*n ASOOinl lour-tieck flask maile of glass aiul |>iovided with 
a stiicvi, a thiimoinetcr, a ihoppiiig lunriel, and a waki 
separating tube was charged with 300 nd of water and healed 
lo lOO" ( ., with Ihe water therein as kept slirreil, lo reLiin a 
stale of reflux in tlie reaction vess^d. 

.^.s The reactitiii solution obtained in llie step n\' hydrolysis 
and decarboxylation was placed in the dropping funnel, 
retained al 1 10" ( '. by means of an electric heater, and addcil 
dropwi.se into Ihe llask over a period of one hour, and 
subjected to a/eotropic distillation lo expel 2.3,.S,f)- 

40 tetrafluoroaniline into (he water separating tube. 

riie upper layer of the distillate ct)llecling in Ihe water 
separating lufie was water and Ihe lower layer thereof was 
2,3,.S/>-tetranuoroaniline. The expulsion of 2,3,5,6- 
tetrafluoroaniline by distillation was continued for three 

4^^ hours, with the distilled water circulated continuously into 
the flask. 

IVom the water separating tube, 39.4 g of 2,3,5,6- 
letrafluoroaniline was obtained. When this compound was 
analyzed by gas chromatography, the purity thereof was 

50 found to be 99.5%. The total yield in the step of hydrolysis 
and decarboxylation and the step of azeotropic distillation 
was found to be 96.0%. When the inner walls of the reaction 
vessels used for the hydrolysis and decarboxylation and for 
the azeotropic distillation were visually inspected, no dis- 

55 cernible sign of corrosion was detected. 

(Determination of Annual Ratio of C^orrosion) 

'ITie reaction vessels used in the reactions mentioned 
above were measured for annual ratio of corrosion. The 
reactions of hydrolysis and decarboxylation were carried out 

60 by following the procedure described above while using a 
500 ml separable flask made of stainless steel lined with a 
fluorocarbon resin in place of a flask made of glass, having 
a glass test piece (pestle type, made by NGK Insulators Ltd., 
and sold under the product code of "GL-400") immersed 

65 near the interface, and tripling the amounts of the aqueous 
sulfuric acid solution and the solid, and the speed of addition 
of the solid. This reaction was performed up to two repeti- 
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tions. When the test piece which had undergone the reaction 
three times was taken out and tested for annual ratio of 

corrosion in accordance with the following formula. The 
ratio was found to be 0.02 mm/year. 

Annual ratio of corrosion (mm/year)- {[(Wo-Wi)/^]/'S}x{[24(hr/ 
day)x365(days/year)l^r} 

wherein 

Wq: weight of test piece before the test (mg) 
W^: weight of test piece after the test (mg) 
D: specific gravity of test piece (mg/mm^) 
S: surface area of test piece (mm^) 
T: duration of test (hr) 

EXAMPLE 2 
(Reactions of Hydrolysis and Decarboxylation) 

A 200 ml four-neck flask made of glass and provided with 
a stirrer, a thermometer, and a cooling tube was charged with 
100 g of an aqueous 90% sulfuric acid solution and heated 
till the internal temperature thereof reached 100° C, with the 
solution as kept stirred. Then, 50 g of the solid (having a 
4-amino-23,5,6-tetrafluorobenzonitrile content of 94%) 
obtained in Referential Example 1 was fed at a feed rate of 
4 g/h to an aqueous 90% sulfuric acid solution, with the 
solution as kept stirred. After the supply was completed, the 
reaction was continued further for two hours. When the 
reaction solution was sampled and analyzed by liquid 
chromatography, the conversion ratio of 4-amino-23>5,6- 
tetrafluorobenzonitrile was found to be 98 mol % and the 
products formed in the reaction solution were found to be as 
follows. 

4-Amino-2,3,5,6-tetrafluorobenzamide 55 mol % 
4-Amino-2,3,5,6-tetrafluorobenzoic acid 10 mol % 
2,3,5,6-Tetrafluoroaniline 8 mol % 

The concentration of the aqueous sulfuric acid solution 
was adjusted to 80% by adding 19 g of water to the reaction 
solution and also heated to 120° C. The ensuing reaction was 
continued for 15 hours. When the reaction solution obtained 
after completion of the reaction was sampled and analyzed 
by liquid chromatography, the yield of 2,3,5,6- 
tetrafluoroaniline was found to be 98%. 
(Step of Azeotropy) 

A 500 ml four-neck flask made of glass and provided with 
a stirrer, a thermometer, a dropping funnel, and a water 
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The reaction solution obtained in the step of hydrolysis 
and decarboxylation was placed in the dropping funnel, 
retained at 110° C. by means of an electric heater, and added 
drop wise into the flask over a period of one hour, and 

5 subjected to azeotropic distillation to expel 2,3,5,6- 
tetrafluoro aniline into the water separating tube. 

The upper layer of the distillate collecting in the water 
separating tube was water and the lower layer thereof was 
2,3,5,6-tetrafluoroaniline. The expulsion of 2,3,5,6- 
10 tetrafluoroaniline by distillation was continued for three 
hours, with the distilled water circulated continuously into 
the flask. 

From the water separating tube, 39.7 g of 2,3,5,6- 
tetrafluoroaniline was obtained. When this compound was 
15 analyzed by gas chromatography, the purity thereof was 
found to be 99.8%. 

The total yield in the step of hydrolysis and decarboxy- 
lation and the step of azeotropic distillation was found to be 
97.1%. When the inner walls of the reaction vessels used for 
20 the hydrolysis and decarboxylation and for the azeotropic 
distillation was visually inspected, no discernible sign of 
corrosion was detected. 

(Determination of Annual Ratio of Corrosion) 

When the reaction vessels used in the reaction of hydroly- 
sis and the reaction of decarboxylation were measured for 
annual ratio of corrosion by following the procedure of 
Eample 1, the ratio was found to be 0.03 mm/year. 

EXAMPLES 3 to 8 

30 

The hydrolysis and decarboxylation and the azeotropic 
distillation were performed by following the procedure of 
Example 1 while changing the concentrations of sulfuric 
acid, the reaction temperatures, and the duration of reaction 
35 in the former step reactions and the latter step reactions as 
shown in Table 1 . The conversion ratio of the raw material 
(4-amino-2,3,5,6-tetrafluorobenzonitrile), the amount of 
TFA (2,3,5,6-tetrafluoroaniline) formed (mol %), the pres- 
ence or absence of corrosion on the reaction vessels used for 
40 the reaction of analysis and the reaction of decarboxylation, 
the yields (yields at the steps of hydrolyxis and 
decarboxylation), and the annual ratio of corrosion were as 
shown in Table 1. The results of Examples 1 and 2 are 
collectively shown in the table 1. 



TABLE 1 



Former step reactions 



Former step reactions 



Annual 



Temp. 
Example (° C.) 



Cone. Cone. Yield corrosion 

of H2SO4 Duration conversion Amount of Temp. of H2SO4 Duration of TFA Corrosion ratio 

(%) (hr) ratio (mol %) TFA (mol %) C* C.) (%) (hr) (mol %) (determined) (mm/year) 



1 


110 


90 


15 


100 


20 


110 


80 


15 


98 


none 


0-02 


2 


100 


90 


15 


98 


8 


120 


80 


15 


98 


none 


0.03 


3 


90 


95 


17 


95 


7 


110 


80 


16 


97 


none 


0.01 


4 


100 


90 


18 


100 


8 


120 


90 


14 


98 


none 


0.03 


5 


120 


90 


13 


100 


31 


120 


80 


8 


97 


none 


0.05 


6 


110 


85 


16 


100 


25 


120 


85 


10 


99 


none 


0.04 


7 


80 


95 


12 


90 


3 


120 


85 


20 


98 


none 


0.02 


8 


70 


95 


15 


85 


2 


110 


80 


21 


97 


none 


0.01 


Com- 


140 


60 


6 


96 


82.5 










found 


0.30 



parative 
Example 1 



EXAMPLE 9 

separating tube was charged with 300 ml of water and heated 55 (Step of Hydrolysis and Decarboxylation) 

to 100** C, with the water as kept stirred, to retain a state of a 200 ml four-neck flask provided with a stirrer, a 

reflux in the flask. thermometer, and a cooling tube was charged with 120 g of 
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111 .1 III! Iinii IK rk ll.isk |)ii»\ ii!iil Willi .1 sliifi i, .1 

I lu 1 (lit i| IKll I . .1 llinj)jij 1 1)' I II tltir I. .IIU I ,1 \\ .III I si p,U ,ll 111)', lulu- , 

>0 )• ill w.iti I vs.ts pi. K i ll, hi .111 li 111 iOO ( , iiriil li l.iiiu (t .il 
ihis II iiipi i.Miiii I hi ii, liu II .li liDii siiliilMHi ()l>tjii)r(l at (hi 
sli ps ftu iiliuiu il ahuvi w:is ti :iiisti-i 1 1 it iiitn (lu- iliiippiiip. 
InniK-l ^tiLipli'il tit tri.iin Uiiipii i liy lu mIiii)'. jiuI iliiipiHil 
tlK u litMn :il a lair ol \ M\ y,'\ii l lu- Iriiipi i atiiii- nl lu-;iliiip, 
ill iIk- uai^linii vinm I was oxitiiiiioiisly iK-\aU-il m» as l<> 
t-xpi l llu Iai)',rl pnuliuU Ii-lialliioinaiiiliiii- by tlislil 

lalion iiilo llu' vvali'i sipaialin^'. lulu- at 1(H)" (' iluiin^'. Ihc 
iiiilial sl.tp.r nl lIu' dislil latinii aiul at 1 10 " ( '. at the tiiiK* nl 
L-ninpU linii ol llu* ilislillatinn. l lu- k ti alliinruaniliiu 

i-xpclk-il l)y ilistiltatinii was vvilluli awii iiiln a rcccptai.-tc aiul 
iIk- vvaU'i Ininu-il l>y distillalinn was uliiiiu-d In llu- Iniii 
luck Mask I lius llu- rxpulsimi n! li hallunrnaniliiu- 

liy tlisl I llalmn was c-niilimu il Ini (liu-f liniiis. As a ivsiill, \? 
y, t»t 2, ^.S/) tc iia tluninaniliiu- having a pui ily ol ^>S.SVf was 
nhlaiiK'il. The yicKI was 'AS S'/ . 

WIkm the iiuiLT walls nl the reaclinn vessels useil Ini Ihe 
liyilrnlysis and llie tieeaihnxylatinn and Inr the a/enlinpie 
dislillalinii were visually inspeeteil. lU) iliseernihle sij^n nl 
t(wn)sion was delected <»n any ol Ihe reaction vessels. When 
ihe react inn vessels uscti lor llic hydrolysis am! llie decar- 
hoxylatinii were nieasurcil lor animal ratio ot corrt)sion. the 
ratio w;is IbiiiKl to he nini/ye:ir. 

( oniparalive lixartiple 1 

2,3,.S,6- retralluornaniline was jirnducetl from 4-atnino-2, 
3,5/)-letraniu)robenzonitrile. To he sjiecilic, in a 200 nil 
four-neck llask provided with a stirrer, a therniomelcr, a 
dropping funnel, and a water separating tul>e, UK) g of 60% 
sulfuric acid was placed and heated to 140° C. lb the hot 
sulfuric acid, 36 g of the raw material, 4-amino-2,3,5,6- 
tctranuorohcn/.onitrilc (having a purity of 94% and contain- 
ing 6% of 2-amino-3,4,5,6-tctrafluorobcn/.onitrilc as an 
impurity) was added dropwise at a rate of 6 g/hr. The 
2,3,5,6-tetralluoroaniline which was formed by the reaction 
was expelled by azeotropy with water, guided into the water 
dropping tube, and separated from the water. The reaction 
was continued for six hours while the reaction vessel was 
supplied with the same amount of water as expelled by 
distillation. After the completion of the reaction, the con- 
version ratio of the raw material determined by gas chro- 
matography was found to be 96 mol %. When the 2,3,5,6- 
tctrafluoroanilinc expelled by distillation was analyzed, the 
purity was found to be 95.3% and the yield to be 82.5%. 

When the reaction vessels were visually inspected, the 
inner walls thereof were found to sustain a discernible 
corrosion probably induced by hydrogen fluoride. The 
annual ratio of corrosion was 0.3 mm/year. 

EXAMPLE 10 

(Step of Hydrolysis) 

In a 100 ml four-neck flask provided with a stirrer, a 
thermometer, and a cooling tube, 14.7 g of the solid (having 
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.1 1. n. \ \. li ll.ililUMolK Il/oillll ll. toillilll .'I 'M'.) 

» 'I 'I.I MM J 111 Ki h It III I.I I I xaniple I w .r. pl.u « il .iiul M> >• n| .hi 
.11 |iii I Ml'. Mr; Mulniiii hN'dinxide solultoii \\ .r. Iiittlii I .ulilid 
till It to .iMil till \ \\( li allowed In II ,u I .il •O " ( tm i i)'hl 
luiiir. W III n llu 11 .11 Im>ii sohitinii nhl.tiiii il ,il llu « ml > •! llh 

1 1 .u I ii M I \\ .r. .11 1 .1 1 \ /I 1 1 I »\ )• ,1 s lIih )i 1 1,1 It M'.r .1 pi 1 \ . f lit « mi\ t i 
Mi'ii I. lilt) t)| I .iiniiiti ,\ ^, III 1 ,1 II lu )i t tl >i ii/« iiii I f I It u .r. 
hniiul In 1)1 jlH)', .iiiil (lu \u lil nl till l.iiiM I lompi.itiul. 
1 .iniiiiti \^,^.fi II li.i Ihioi olu n/ou av ul, \\ a-. ImiiihI hi Im 

•>.s' ; 

(Sli p ol I )i A .lllniwl.ilinii) 

A IIMI ml auliu lavi was i liaip.i d \mIIi llu k ai linii snliilUHi 
nblairii li III llu step nl liydmlvsis plus •> S p. n| rniu i nll.ili d 
sultiitii u id (i ipuvaU rit In llu sodium livilmxidi iisril in llu 
sli p ot liv<lM)lvsis) Widi llu iniu I U inju i.tlun ot tin 
auloi lavr i li \akil (o 1 M)" (" ami llu iiuu i pu ssim ol tlu 
Il ai linn \i ssi 1 lelaiiud at (I Ml'.i, llu ri ai (inn was i ami d 
nut Im ei^'lil Imuis. Wlu n llu leactinu snhilinii nhlaiiuil 
atUi tlu iiMiipletinn nl the leaclimi was aiialy/ed hy K**^ 

I liintnaln>'.iapliy, the cniiveisiiin lalin n| I ainiiin .W>.6 

II tialliininlu-ii/nic acid was Iniinil In he 100' ^ and ihe yield 
4>1 ti ll allunrnaniline was fount! Ii> hi' *^S'v 

(.Step nl A/enlinpy) 

In a ."!00 ml tnui neck llask pinvided vvilh a sluui, a 
Iheimnmek r, a drnppiiig luniK-l. and a vvalei sepai ating lube. 
Ihe leaclinn snlutinn nhlained in Ihe step nT decaihnxylalion 
was placed, healed In KKI" ( '. and letained at Ihis lenipeia- 
tuie. Willi the water placed in the diopping funnel added 
dropwise iherelo, Ihe temperature of the heating of Ihe lla.sk 
was elevateti so as to expel the target conipniind, 2,3,5,6- 
letratluoroaniline hy dislillatinn into llie water separation 
lube. The expulsion of 2,3,5,6-letralluoroaniline hy distilla- 
tion was allained at l(K)° ( in a reaction vessel during Ihe 
initial stage of distillation anil at MO** (\ at Ihe time of 
completing the distillation. 

With the di.stilled 2,3,5,6-tetralUioroaniline withdrawn 
into a receptacle and the distilled water returned to the 
four-neck Hack, the expulsion of 2,3,5,6-telranuoroaniline 
by distillation was cx)ntinued for three hours. As a result, 
1 1 .3 g of 2,3»-'5»6-tetranuoroaniline having a purity of 98.5% 
was obtained. 

The total yield in the step of hydrolysis and decarboxy- 
lation and in the step of a/eotropy was 94.5%, When the 
interiors of the reaction vessels used for the hydrolysis and 
the decarboxylation and for the azeotropy were visually 
inspected, no discernible sign of corrosion was detected in 
any of the reaction vessels. The annual ratio of corrosion of 
the reaction vessels used for the step of hydrolysis and 
decarboxylation was 0.02 mm/year. 

What is claimed is: 

1. In the production of an aromatic compound represented 
by the general formula (2) by hydrolyzing and decarboxy- 
lating an aromatic cyano compound represented by the 
general formula (1) in the presence of an acidic substance, 
a method for the production of the aromatic, compound, 
characterized by performing the reactions of hydrolysis and 
decarboylation in multiple steps 
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(1) 



compound from the reaction solution by azeotropic distil- 
lation with water 
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-Xn 
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(wherein X is a halogen atom, Y is a cyano group, nitro 
group, or carboxyl group, Z is a nitrogen-containing 
group represented by — ^N(R^)(R^) (wherein and R^ 
are identical or not identical substitutes superposed on 
a nitrogen atom and selected from among hydrogen 
atom and linear or branched alkyl groups of 1 to 4 
carbon atoms), m is 0, 1, or 2, and n is 1, 2, 3, or 4, 
providing that the sum of m and n falls in the range of 
l^m+n^4) 
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(wherein the symbols have the same meanings as in the 
general formula (1). 

2. A method according to claim 1, wherein the conversion 
ratio of the aromatic cyano compound represented by the 
general formula (1) is fixed at a level of not less than 40 mol 
% and the molar ratio of the formation of the aromatic 
compound represented by the general formula (2) to the 
initial amount of the aromatic cyano compound represented 
by the formula (1) is fixed at a level of not more than 80 mol 
% in a former step reaction in said multiple steps 
respectively, and subsequently the reactions of hydrolysis 
and decarboxylation are terminated in and after a latter step 
reactions in said multiple steps. 

3. A method according to claim 1, wherein the reactions 45 
in the former step and the latter step in said multiple steps 
are carried out on the conditions of lowering the concentra- 
tion of said acidic substance and/or increasing the reaction 
temperature. 

4. A method according to claim 3, wherein said acidic 
substance is an aqueous sulfuric acid solution. 

5. A method according to claim 1, wherein said aromatic 
cyano compound is 4-amino-2, 3,5,6- 
tetrahalogenobenzonitrile and said aromatic compound is 55 
2,3,5,6-tetrahalogenoaniline, 

6. A method according to claim 1, wherein said reactions 
of hydrolysis and decarboxylation are carried out in the 
presence of sulfuric acid in a reaction vessel made of glass 
or lined with glass. 

7. A method for the production of an aromatic compound, 
characterized by forming an aromatic compound repre- 
sented by the general formula (2) by hydrolyzing and 
decarboxylating an aromatic cyano compound represented 65 
by the general formula (1) in the presence of an aqueous 
medium and subsequently recovering the obtained aromatic 
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(wherein X is a halogen atom, Y is a cyano group, nitro 
group, or carboxyl group, Z is a nitrogen-containing 
group represented by — ^N(R^)(R^) (wherein R^ and R^ 
are identical or not identical substitutes superposed on 
a nitrogen atom and selected from among hydrogen 
atom and linear or branched alkyl groups of 1 to 4 
carbon atoms), m is 0, 1, or 2, and n is 1, 2, 3, or 4, 
providing that the sum of m and n falls in the range of 
l^m+n^4) 
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(wherein the symbols have the same meanings as in the 
general formula (1). 

8. A method according to claim 7, wherein said aqueous 
medium contains an acidic substance and the concentration 
of the acidic substance in said aqueous medium is in the 
range of 80 to 98 weight %. 

9. A method according to claim 8, wherein said acidic 
substance is sulfuric acid. 

10. A method according to claim 7, wherein the molar 
ratio of the formation of the aromatic compound represented 
by the general formula (2) is not less than 85 mol % to the 
initial amount of the aromatic cyano compound represented 
by the general formula (1). 

11. A method according to claim 7, wherein said aromatic 
cyano compound is 4- amino-2,3 ,5 ,6- 
tetrahalogenobenzonitrile and said aromatic compound is 
23,5,6-tetrahalogenoaniline. 

12. A method according to claim 7, wherein said aqueous 
medium contains an alkaline substance. 

13. A method according to claim 7, wherein said aromatic 
cyano compound is 4-amino-2,3,5,6-tetrafluorobenzonitrile 
and said aromatic compound is 2,3,5,6-tetrafluoroaniline. 

14. In the production of an aromatic compound repre- 
sented by the general formula (2) by hydrolyzing and 
decarboxylating an aromatic cyano compound represented 
by the general formula (1) in the presence of an acidic 
substance, a method for the production of the aromatic 
compound, characterized by performing the hydrolysis and 
decarboxylation in multiple steps and effecting the recovery 
of the formed aromatic compound from the reaction solution 
by azeotropic distillation with water 
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